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ABSTRACT 


This  thesis  investigates  the  utility  of  figurative 
symtciogy  for  tactical  situation  displays.  The  purpose  was 
to  determine  if  nore  descriptive  symbology — figurative 
symbology  or  use  cf  more  lifelike  images  to  represent 
targets — would  enhance  evaluation  of  a  tactical  situation 
display,  i.e.,  enable  the  user  to  more  rapidly  assimilate 
and  evaluate  a  tactical  situation  display.  Basis  for 
comparison  was  the  Navy  Tactical  Display  System  (NTDS ) . 
Specif icaily ,  experiments  used  in  our  research  included 
comparisons  of  monochromatic  NTDS,  color  NTDS,  and  color 
figurative  symbologies. 

The  analysis  of  the  data  obtained  from  the  experiments 
suggests  color  symbology  is  signif icantiy  better  than 
monochromatic  symbology  and  figurative  is  tetter  than  NTDS 
symbology.  Specifically,  color  f igurative(green/red )  was 
determined  to  oe  best,  followed  in  order  by,  color 
figurative! blue/orange ) ,  color  NTDS,  then  monochromatic 
NTDS . 
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1.  INTRODUCTION 


A.  BACKGROUND 

The  use  of  military  symbols  dates  back  at  least  to  the 
days  cf  Napoleon.  Warfare  has  changed  considerably  since 
that  era  and  so  have  the  methods  by  which  the  battlefield 
environment  is  graphically  portrayed.  [Ref.l]  The  wars  of 
yesteryear  were  very  localized.  Battlefields  were  often  of  a 
size  that  permitted  a  commander  to  view  the  entire  battle 
area  from  a  hilltop  vantage  point.  Under  these  conditions,  a 
commander  could  track  ail  of  his  activity  with  a  table-top 
situation  display.  The  geographical  area  portrayed  was 
small,  and  the  number  of  symbols  required  to  indicate 
activity  was  minimal.  Rapid  movement  of  units  was  a  rare 
event,  so  frequent  updating  of  the  display  was  not  a 
requirement.  Now,  with  mechanized  infantry,  armor,  missile 
and  rocket  installations,  supersonic  aircraft,  airmobile 
units,  multipurpose  naval  vessels,  etc.,  the  variety  of 
symools  required  has  greatly  proliferated.  [Ref .2] 

3.  HISTORICAL  PERSPECTIVE 

"military  commanders  throughout  history  have  faced  the 
problem  cf  controlling  their  forces  for  decisive  application 
of  military  power,  with  the  objectives  of  achieving  a 
desired  physical  action  at  a  particular  location  at  a 
determined  time  and  cf  getting  information  back  about  the 


outcome."  [Ref.h]  In  the  first  documented  times  of  early 
warfare,  "battle  commanders  sought  a  high  hill  or  other 
vantage  point  from  which  to  view  the  tattle's  progress.  They 
invented  various  means  of  providing  the  communications  with 
which  to  command  forces:  mirrors,  flags,  harps,  horns, 
drums,  ana  even  messengers."  lfief.4]  Information  feedback  to 
the  commander  was  through  direct  observation  and  commands 
could  be  issued  or  reissued  in  time  to  direct/redirect 
forces.  As  the  geographical  scope  of  warfare  and  the 
mobility  of  forces  increased,  the  ability  to  instrument  the 
battle  in  such  a  way  that  a  coherent  picture  of  it  could  oe 
transmitted  to  a  remote  commander,  and  the  communications 
necessary  to  transmit  a  timely  picture,  failed  to  keep 
pace. "  [Ref. 4j  Land  force  commanders  began  to  move  flags 
about  on  charts  or  sand  tables,  using  bits  and  pieces  of 
intelligence  information  about  enemy  disposition  and 
operational  reports  from  friendly  forces.  Naval  commanders 
used  similar  methods,  as  did  Air  Defense  commanders  to  try 
to  watch  and  control  their  forces.  The  commander  with  the 
most  accurate  and  timely  information  and  the  best 
communications  to  support  information  flew  should  be 
successful  in  his  pursuit.  [Ref. 4] 

This  process  of  generating,  disseminating,  and  digesting 
information  became  an  important  part  of  the  formula  for 
success.  With  the  growing  appetite  for  information  came 
radar.  "The  air  defense  commander  was  no  longer  dependent 


upon  ground  observer  or  comoat  patrol  reports  for  vital 
information  on  euemy  aircraft  position  or  velocity."  lRef.4] 
He  could  determine  the  location  of  friendly  aircraft  and 
could  now  see  the  air  battle  coherently  and  control  his 
forces.  Certainly  radar  was  no  panacea  for  force  control 
because  radars  were  not  easily  relocated,  they  were  strictly 
i ine-cf-s ight,  and  eventually  tne  enemy  developed 
capabilities  to  easily  jam  the  radar.  Attempts  to  first 
exploit  the  radar  resulted  in  manual  control  centers.  One  of 
the  first  examples  of  a  manual  control  center  was  that  of 
the  Strategic  Air  Command  (SAC/.  SAC' s  mission  required  the 
most  advanced  command  and  control  system  possible.  The 
global  nature  of  SAC's  mission  made  it  imperative  to  meet 
and  solve  problems  caused  by  distance,  honor  the  need  for 
clarity  ana  security  of  instruction,  and  keep  track  of 
thousands  cf  minute  details.  Large  display  boards  were  used 
to  track  ail  force  activity.  Current  positions  of  all  enemy 
and  friendly  units  were  painstakingly  plotted.  Large  display 
panels,  mounted  on  trolleys,  consisted  of  plastic  covered 
maps  and  were  used  by  commanders  to  direct  the  force.  Battle 
staff  technicians  plotted  new  information  on  these  charts  as 
it  became  available.  [Ref.b]  Later  a  switch  was  made  to 
transparent  illuminated  plastic  display  areas  where  reverse 
plotting  could  be  accomplished  and  would  not  ctstruct  the 
view  of  the  force  directors.  This  system  of  plotting  display 
boards  is  still  used  today.  This  system  served  its  purpose 


well;  however,  it  was  slow  ana  cumbersome.  Since  it 
represented  the  apogee  of  a  manual  s/stem,  automated 
assistance  was  imperative.”  [Ref. 5] 

In  the  late  1940's  there  was  a  'Black:  Box"  approach  to 
ccmmand  and  control  requirements.  Equipment  was  developed 
ana  proaucea  for  specific  applications  and  little  or  no 
consideration  was  given  to  environment.  Soon  black  boxes 
were  being  designed  to  interface  with  black  boxes,  but  the 
real  breakthrough  came  with  the  advent  of  the  computer.  Now 
the  radar  systems  could  be  fully  exploited.  "The  computer 
could  improve  the  coherence  of  the  radar  picture  of  the  air 
cattle  by  performing  many  of  the  processes  which  humans  had 
been  doing  imperfectly.  Calculation  of  heading  and  speed, 
calculation  of  intercept  solutions,  remembering  the  identity 
of  many  moving  targets — ail  of  these  processes  and  many 
mere.”  The  first  example  of  computer  application  coupled 
with  radar  (1967)  was  the  Air  Force's  Semi-Automatic  Ground 
Environment  (SAGE)  system.  This  system  was  a  network  of 
radars  with  communications  for  connecting  and  cross- 
ccnnecting  radars  tc  regional  control  centers  and  the  North 
American  Air  Defense  headquarters.  [Ref .5] 

"At  the  beginning  cf  the  1960's,  a  committee  examining 
ccmmand  and  control  concluded  that  the  capabilities  of  our 
weapon  systems  had  outstripped  our  ability  to  command  and 
control  them.  Survivatle  ccmmand  centers  and  rapid, 
redundant  means  cf  communications  were  being  required,  with 


SAC  and  the  Air  Defense  Command  leading  the  way."  [Ref. 6] 
Additionally,  other  developments  affected  force  management. 
The  size  of  a  conflict  area  had  clearly  expanded  beyond 
1  ine-of-sigh t  and  over-the-horizon.  Weapons  had  greater 
range  and  capability  Sensor  coverage  and  capabilities 
overlapped  and  required  coordination  for  effective  use.  The 
coherence  of  forces  depended  almost  entirely  on 
communications,  data  processing,  and  ether  electronics 
related  functions.  Almost  concurrently  with  this  surge  for 
mere  command  and  control  capability  came  the  technological 
revolution.  Rapid  technological  advances  made  a  significant 
impact  on  the  development  ana  application  of  defense  related 
systems . 

"By  the  mid  1960s,  we  had  learned  several  hard  lessons. 
C3  systems  could  not  be  acquired  like  weapon  systems.  They 
had  to  evolve  with  continuing  user  participation."  [Ref. 6] 
If  we  take  a  moment  to  stop  and  review  C3  evolution,  we 
recognize  that  an  integral  part  of  good  effective  C3  is  the 
control  of  information.  What  a  great  information  processor 
the  computer  was  to  be.  However,  there  still  existed  a 
majer  stumbling  block — defining  information  needs.  Modern 
computers  and  communications  make  it  possible  to  retrieve 
and/or  process  an  almost  infinite  amount  of  information. 
But,  too  much  information  in  the  system  causes  great 
congestion,  and  too  much  detail  can  confuse  the  decision 
makers  ar.a  waste  tine  at  a  critical  point.  In  spite  of  these 


13 


of  validated 


dangers,  the  reduction  or  elimination 
information  requirements  continues  to  be  exceptionally 
difficult.  [Ref  .6]  This  process  of  information  distillation 
or  information  compression  Dciis  dcwn  to  what  does  the 
commander  really  need?  This  simple  question  gives  rise  to 
many  areas  that  affect  the  multi-faceted  spectrum  of 
military  operations.  It  became  obvious  that  we  needed  a 
system  for  amalgamating  all  information  inputs  and  providing 
commanders  with  an  information  display  system  than  was 
easily  evaluated.  One  aspect  of  this  information  display 
system  -  tactical  situation  displays  -  is  addressed  by  this 
thesis . 

C.  PURPOSE 

During  our  C3  Exercise  Laboratory  (OS3750)  class  at  the 
Naval  Postgraduate  School,  the  authors  of  this  paper 
participated  in  a  series  of  experiments  which  attempted  to 
measure  whether  or  not  information  processing  tasks  could  be 
enhanced  by  presentation  of  information  in  color  versus 
monochromatic.  These  experiments  confronted  subjects  with 
static  navel  tactical  situation  displays.  Results  of  these 
experiments  indicated  an  improvement  in  performance  when 
using  color  displays.  As  a  result  of  our  participation  in 
these  experiments,  several  questions  developed  regarding 
symbology  for  targets.  We  thought  the  target  symbology  used 
was  difficult  to  immediately  recognize.  Specifically,  these 
experiments  were  based  on  the  Navy  Tactical  Display  System 


which  uses  symbology  consisting  of  circular,  square,  and 
rhombic  shapes  tc  depict  targets.  Also,  we  considered  that 
symbols  could  be  tailored  to  provide  more  information.  The 
authors  experience  with  military  symbols  indicated  that  the 
daily  or  constant  user  of  tactical  situation  displays  is 
able  to  aaapt  to  the  use  of  non-f igurative  or  abstract 
symtclcgy,  e.g.,  NTES  symDois.  Use  of  these  abstract 
symbols  has  teen  necessitated  to  date  because  of  equipment 
limitations.  However,  with  the  advance  of  technology, 
particularly  in  the  areas  of  computer  driven  raster  scan 
devices,  it  is  now  possible  tc  tailor  symbology  tc  provide 
more  information  in  a  concise  manner.  With  this 
observation,  we  postulated  that  assessment  of  a  tactical 
situation  display  may  be  further  enhanced  using  color 
figurative  symbology.  This  thesis  focuses  on  improved 
information  content  for  tactical  displays. 


DESCRIPTION  Oil  EXPERIMENTS 


II . 

Experiments  were  conducted  to  test  the  null  hypothesis 
that  there  is  no  difference  between  NTDS  symbology  and 
figurative  symbology.  We  speculated  that  descriptive 
symbology  would  enhance  evaluation  of  a  tactical  situation 
display,  i.e.,  enable  the  user  to  more  rapidly  assimilate 
and  evaluate  a  tactical  situation  display.  Additionally, 
the  experiments  again  addressed  the  issue  of  whether  or  not 
color  enhances  a  subject's  ability  to  assimilate 
information.  This  issue  was  expanded  to  include  an 
assessment  of  green/red/white  versus  blue/orange/white  to 
indicate  f riendly/hcstile/unknown  forces. 

A.  DEFINITIONS 

In  the  context  of  this  paper,  references  to  NTDS 
symbology  are  those  symbols  used  in  the  NTDS  system, 
particularly  as  used  in  the  Warfare  Environment  Simulation 
(WES)  game.  Circular  shapes  represent  friendly  forces, 
rhombic  shapes  represent  hostile  forces,  and  square  shapes 
represent  forces  of  unknown  allegiance  (Figure  1). 

Monochromatic  NTDS  displays  refer  to  displays  wherein 
the  red  and  blue  electron  guns  on  the  graphics  display 
device  were  disabled.  This  resulted  in  a  display  with  a 
green  background  and  white  symbology. 

ie 


Color  NTDS  symbology  refers  to  the  color  symbology  used 
in  the  WES  game.  The  WES  game  uses  blue  to  indicate  friendly 
forces,  orange  to  indicate  hostile  forces,  and  white  to 
indicate  forces  cf  unknown  allegiance.  Use  cf  color  with 
NTES  symbology  results  in  redundant  coding  of  the  symbols 
allegiance. 

"Figurative"  symbology  refers  to  lifelike  shapes — actual 
shapes  that  look  like  ships,  planes,  and  submarines  used  to 
represent  targets  (Figure  2). 

Color  figurative  ( blue/orange )  symbology  refers  to  the 
symbology  developed  by  the  authors.  The  colors  (blue, 
orange,  and  white)  match  those  usea  in  color  NTDS  and  have 
the  same  meaning. 

Color  figurative  (green/red)  symbology  uses  the  same 
symbols  as  developed  for  color  figurative  (blue/orange)  but 
uses  green  to  represent  friendly  forces  and  red  to  represent 
hostile  forces.  White  again  represents  unknown  forces.  Use 
of  green/red/vhite  to  represent  f riendly/host ile/unknown 
forces  was  recommended  by  the  authors  of  GRAPHIC  DISPLAYS,  A 
HUMAN  ENGINEERING  GUIDE  FOR  USING  CRT  COMMAND  AND  CONTROL 
DISPLAYS.  [Ref .?] 

"Mode"  or  "Treatment”  refers  to  monochromatic  NTDS, 
color  NTDS,  or  color  figurative  display  techniques. 

B.  DESIGN 

Two  experiments  were  designed.  Their  objectives  were: 
l.  To  compare  response  reactions  to  monochromatic 
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NTDS  displays,  color  NTDS  displays,  and  color  figurative 
displays. 

2.  To  compare  subject's  ability  to  recreate  a 
tactical  display  from  memory. 

1 .  Experiment  1 

This  experiment  was  designed  tc  test  and  compare 
reaction  times  to  monochromatic  NTDS  displays,  color  NTDS 
displays,  color  figurative  ( olue/orange )  displays,  and  color 
figurative  (green/red)  displays. 

In  this  experiment,  fcur  sets  of  five  tactical 
situation  displays  were  used  (Appendix  D).  Specifically, 
these  displays  were  composed  of  land  masses,  sea,  geographic 
coordinates,  and  targets  oriented  around  the  aircraft 
carrier  Enterprise( ENTER  cn  displays).  Each  of  the  five 
displays  had  a  different  composition  of  targets  and  varied 
in  complexity  from  display  1  (y  symbols)  to  display  5  (27 

symbols).  The  five  displays  in  each  mode  were  shown  in 
random  order.  The  monochromatic  NTDS  displays  were  exact 
duplicates  of  the  color  NTDS  displays  except  that  the  red 
and  blue  electron  guns  were  disabled.  The  color  figurative 
displays  were  mimicfcs  of  the  NTDS  displays,  i.e.,  displays 
were  replicated  in  ail  particulars  except  that  figurative 
symbology  was  presented  instead  of  NTDS  symbology.  To 
present  the  displays  and  query  the  subjects,  a  software 
routine  that  had  been  developed  by  LCDR  Ellen  Roland  for  the 
OS  2750  class  experiment  was  adapted  for  this  experiment. 


The  mechanics  of  the  experiment  had  each  subject 
view  four  modes  of  tactical  situation  displays: 
monochromatic  NTDS ,  color  figure ti ve ( blue/orange ) ,  color 
NTDS,  and  color  f igurat ive(green/rea) .  The  test  was 
administered  tc  four  groups;  each  grcup  contained  six 
subjects  (AFpenaix  A).  Order  of  mode  presentation  was 
determined  oy  the  subject's  group  (Appendix  B).  Each  mode 
contained  five  tactical  situation  displays  as  previously 
described.  Within  each  mode,  order  of  presentation  of 
displays  was  randomized  to  insure  the  subject  received  the 
displays  in  varying  order  of  complexity  for  each  treatment. 
Each  display  was  accompanied  by  six  questions  (Appendix  C). 
The  questions  appeared  at  a  terminal  that  provided  immediate 
feedbacx.  This  terminal  was  separate  from  the  device  used 
to  present  the  tactical  situation  displays  (Figure  3). 
Questions  required  that  subjects  evaluate  the  display 
regarding  symbol  type  (aircraft,  ship,  or  submarine)  symbol 
allegiance  ifrlendiy,  hostile,  cr  unknown)  or  both  (type  and 
allegiance).  Questions  were  repeated  until  the  subject 
responded  correctly.  Total  time  until  correct  response  was 
recorded  for  each  question.  The  measure  of  effectiveness 
used  for  evaluation  of  the  displays  was  total  time  to 
correct  response  for  each  question. 

2 .  Experiment  2 

The  second  test  involved  presentation  of  either  a 
monochromatic  NTDS  display  or  a  color  figurative  (green/red) 
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display  for  £0  seconds.  Subjects  were  then  asiced  tc  attempt 
to  reproduce  the  tactical  display  from  memory.  The  display 
was  an  exact  replication  of  display  number  two  used  in 
experiment  1.  The  display  had  eighteen  targets  with  the 
Enterprise  in  the  center  as  a  reference. 

Prccedurely,  each  subject  was  shewn  the  display  and 
then  provided  a  map  (Figure  4)  that  had  target  locations 
marhed.  Individuals  were  astced  to  identify  target  type  and 
allegiance.  Scoring  was  accorplisheo  by  awarding  one  point 
for  correct  identification  of  target  type  and  one  point  for 
correct  allegiance.  Maximum  total  points  was  thirty-six. 

The  test  was  administered  to  two  groups,  each  with 
twelve  subjects  (Appendix  A).  The  subjects  were  the  same  as 
those  that  participated  in  experiment  1.  The  groups  were 
randomly  structured  with  no  specific  criteria  of  tactical 
display  experience. 

C.  SUBJECTS 

Twenty-four  students  of  the  Naval  Postgraduate  School 
volunteered  as  subjects  for  the  experiments.  All  twenty-four 
were  military  officers,  10  from  the  Air  Force,  2  from  the 
Marine  Corps,  7  from  the  Navy,  and  £  from  the  Army.  Three 
of  these  subjects  had  extensive  previous  experience  with 
military  display  systems;  seven  had  moderate  and  fourteen 
had  little  or  no  previous  experience.  Five  had  previous 
NTDS  experience.  All  subjects  were  part  of  the  Command, 
Control,  and  Communications  curriculum. 
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Subjects  were  divided  into  four  groups  of  sii  each.  This 
grouping  determined  the  order  of  presentation  of  modes. 
Subjects  were  placed  into  groups  according  to  levels  of 
tactical  situation  display  experience.  Each  group  had  a 
relatively  equal  mix  of  experience  levels  to  minimize 
biasing  due  to  previous  experience.  The  order  of  mode 
presentation  (Appendix  B)  was  changed  for  each  group  to 
minimize  confounding  due  to  learning  effects. 

D.  APPARATUS 

Each  of  the  subjects  was  tested  using  a  CONRAC  video 
display  (Figure  3)  for  projecting  the  tactical  display. 
Adjacent  to  the  videc  screen,  subjects  were  seated  in  front 
of  an  Ann  Arbor  terminal  (video  and  keyboard).  This 
equipment  is  located  in  the  Command,  Control  and 
Communications  (C3)  Laboratory  at  the  Naval  Postgraduate 
School . 

1 .  PROCEDURES 

At  the  start  of  each  trial,  subjects  were  briefed  on  the 
purpose  and  extent  of  the  experiments.  Each  was  acquainted 
with  both  NTDS  and  figurative  symbology.  Also,  the  details 
of  question  type,  display  idiosyncrasies,  and  potential 
stumbling  blocks  were  explained.  Questions  addressing  the 
tactical  situation  displays  were  presented  on  the  Ann  Arbor 
terminal.  Subjects  responded  to  questions  by  depressing  the 
correct  number  key  followed  by  a  carriage  return.  If  an 
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incorrect  response  was  irade,  the  question  would  be  repeated 
until  it  was  answered  ccrrectiy.  When  correct,  the  next 
question  would  be  displayed.  This  cycle  continued  through 
each  display  and  subsequent  mode. 

Environmentally ,  subjects  were  tested  in  a  darkened  area 
with  sufficient  lighting  to  easily  read  and  recognize  all 
displays.  Levels  of  illumination  to  include  brightness, 
contrast,  and  color  were  adjusted  on  the  graphics  terminal 
in  order  to  standardize  each  trial  as  nearly  as  possible. 

F .  ASSUMPTIONS 

Due  to  resolution  limitations  of  the  Genisco  graphics 
device,  the  size  of  the  figurative  symbols  did  not  precisely 
match  the  size  of  the  NTLS  symbols.  However,  the  slightly 
larger  size  of  the  figurative  symbols  contributed  to  a  more 
cluttered  display  than  with  the  NTIS  symbols.  These  were 
assumed  to  be  counter-balancing  factors. 

Also  because  of  equipment  resolution  limitations,  no 
attempt  was  made  to  develop  figurative  symbology  in  a 
monochromatic  mcde.  We  assumed  that  our  experimental 
results  would  again  show  that  color  displays  were  superior 
to  monochromatic  thereby  permitting  comparison  of  color 
figurative  versus  color  NTDS . 

The  measure  of  effectiveness  (moe)  for  experiment  l, 
i.e.,  subject  response  time,  may  not  be  the  ideal  method  for 
evaluating  tactical  situation  display  presentation 
techniques.  However,  response  times  are  measurable 
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quantities  tnat  can  be  statistically  evaluated.  Considering 

that  time  to  analyze  a  tactical  situation,  i.e.,  locate  the 

£ 

enemy,  is  an  impogtant  military  consideration,  use  of 
response  times  as  #r.  moe  was  assumed  to  be  appropriate. 


NAVY  TACTICAL  DISPLAY  SYSTEM  (NTES)  SYMBOLS 


FRIENDLY  AIR 

FRIENDLY  SURFACE 

FRIENDLY  SUBSURFACE 

ENEMY  AIR 

ENEMY  SURFACE 

ENEMY  SUBSURFACE 

UNKNOWN  AIR 

UNKNOWN  SURFACE 

UNKNOWN  SUBSURFACE 


FIGURE  1 


NTDS  Symbols 


FIGURATIVE  SYMBOLS 


FRIENDLY  AIR 
( Biue/Green) 


FRIENDLY  SURFACE 
( Biue/Green ) 


FRIENDLY  SUBSURFACE 
(Blue/Green) 


ENEMY  AIR 
(G  range/Red ) 


ENEMY  SURFACE 
(Orange/Red ) 


ENEMY  SUBSURFACE 
(Orange/Red ) 


UNKNOWN  AIR 
(White) 


UNKNOWN  SURFACE 
(White) 


UNKNOWN  SUBSURFACE 
(White) 
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FIGURE  2.  Figurative  Syirbols 
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III.  EVALUATION 


A.  DATA  COLLECTION  AND  REDUCTION 

tor  experiment  1,  the  suojects'  total  response  times  for 
each  question  were  processed  0/  a  computer  program  and 
written  into  data  files.  This  data  was  then  consolidated 
into  a  more  readable  format.  Appendix  E  contains  response 
times  brcxen  down  by  treatment,  question,  and  subject.  In 
sore  cases,  subjects  had  difficulty  understanding  the 
question.  This  resulted  in  an  unusually  high  response  time. 
Tc  minimize  this  skewing  effect,  those  times  were  discarded 
in  the  following  manner:  the  group  mean  for  the  other  five 
subjects  was  calculated  and  inserted  in  place  of  the  higher 
time.  In  Appendix  E  these  substitutions  are  shown  in 
parentheses  next  tc  the  original  response  time. 

Next,  the  data  were  further  aggregated  into  the  three 
categories  of  questions  (type,  allegiance,  or  both)  by 
adding  the  response  times  for  questions  of  the  same  category 
\ Figure  5)  and  then  dividing  by  the  number  of  questions  that 
were  added.  This  resulted  in  a  mean  response  time  per 
question  and  category.  These  data  are  shown  in  Appendix  ?, 
Table  V  in  conjunction  with  means  and  variances  computed  by 
group,  question,  display  and  treatment.  Cuestions  are  shown 
in  Appendix  C. 
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6.  Question  Categories 

For  experiment  2, 

each  subject's  map 

was 

s  cored 

by 

warding  one  point  for 

correct  identification  of 

symbol 

type 

ar.d  one  point  for  correct  allegiance.  Maximum  score  was 
eighteen  in  each  category  for  a  total  of  thirty-six  points. 
Appendix  &  shows  the  scores. 

3.  CALCULATIONS  OF  MEANS  AND  VARIANCES 

Appendix  F  ccntains  the  means  and  variances  of  the 
subjects'  response  times.  Table  V  shows  means  and  variances 
ty  group,  question,  display  and  treatment.  Table  VI 
ccntains  the  means  and  variances  by  question,  display  and 
treatment.  Table  VII  shows  the  overall  means  and  variances 
by  question  and  treatment.  Finally,  TaDle  VIII  contains  the 
grand  means  ana  variances  by  treatment.  Means  and  variances 
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were  calculated  by  using  the  fortran  computer  program  listed 
in  Appendix  H. 

C.  ANALYSIS  05  EXPERIMENT  1 

The  analysis  of  data  was  aone  in  two  parts.  First, 
simple  mean  ana  variance  statistics  were  calculated  and 
examined.  Then,  analysis  of  variance  (ANCVA)  [Ref.  6]  was 
used  to  test  for  significance  of  the  individual  factors  and 
tc  estimate  the  effects  cf  the  different  levels  of  the 
factors . 

1 .  Comparison  Of  Mean  Response  Times 

Comparison  of  mean  response  times  cannot  be 
considered  statistically  conclusive  because  of  the  large 
variances  involved.  However,  comparison  cf  means  can  give 
one  insight  into  how  subjects'  performances  were  affected  by 
display  treatments.  For  example,  consider  Table  V, 
Monochromatic  NTES  Display  #  1.  Subjects  1-6  (group  A)  were 
shown  this  display  treatment  first,  while  subjects  7-12 
(group  E)  saw  it  last,  subjects  13-18  (group  C)  saw  it 
third,  and  it  was  the  second  display  treatment  for  subjects 
19-24  (group  D).  The  improvement  of  group  mean  times  for 
questions  referring  to  symbol  type,  group  A-16.33  seconds, 
group  E-12.67  seconds,  group  C-12.00  seconds,  and  group  fi¬ 
ll. 50  seconds,  would  seem  to  indicate  the  presence  of 
learning  effects.  Likewise,  consider  Table  V,  Color  NTDS 
Display  #  1.  Craer  cf  presentation  was  group  C  (first), 
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group  E  (second),  group  A  (third),  and  group  D  (fourth). 
Mean  tirres  for  allegiance  were  C-6.83  seconds,  B-6.6? 
seconds,  A-5.75  seconds,  and  D-4.50  seconds.  Again,  the 
presence  cf  learning  eifects  is  indicated.  Examination  of 
the  means  6y  groups  and  display  for  the  sane  treatment 
indicate  learning  effects  for  the  majority  of  the  displays 
and  questions. 

I f  improvement  in  response  time  is  due  solely  to 
learning  effects,  than  one  would  expect  to  see  an 
improvement  in  the  same  group's  mean  times  dependent  only  on 
order  of  treatment.  Consider  group  A's  performance  on 
display  number  two.  Group  A  first  saw  display  two  in 
monochromatic  NTDS,  followed  by  color  figurative 
(blue/orange),  color  NTDS ,  and  finally  color  figurative 
(green/red).  Group  mean  times  for  type  were  20.33  seconds, 
10.17  seconds,  13.25  seconds,  and  10.17  seconds.  Likewise, 
consider  group  C  on  display  number  four.  Order  of 
treatments  was  color  NTDS,  color  figurative  (green/red), 
monochromatic  NTDS,  and  color  figurative  (blue/orange). 
Mean  times  for  type  were  17.17  seconds,  11.67  seconds,  12.67 
seconds,  and  10.50  seconds.  In  the  majority  of  displays  no 
clear  trend  of  improvement  is  evidenced.  This  suggests  that 
improvement  in  response  times  is  not  based  simply  on 
learning  effects. 

Since  for  each  display  ana  treatment,  each  group  saw 
the  display  at  a  different  point  in  their  trials,  the  means 


by  question  ,  display  and  treatment  should  tend  to  smooth 
learning  effects  of  the  groups.  Table  VI  contains  the 
overall  means  by  question,  display  and  treatment.  For 
display  one,  r onochr omat ic  NTDS  had  the  slowest  mean 
response  times  in  all  three  question  categories.  Also  for 
display  one,  color  figurative  (green/red)  had  the  best  times 
fcr  questions  referring  to  symbol  type  and  both,  and  color 
NTDS  had  the  third  best  mean  times  for  type  and  both,  m'ean 
response  times  for  questions  referring  to  allegiance  were 
essentially  the  same  for  the  three  color  treatments  for  all 
displays.  Further  examination  shews  that  monochromatic  NTDS 
had  the  slowest  mean  response  time  in  every  case  eicept  one. 
Color  figurative  (green/red)  had  the  best  time  for  questions 
referring  to  symbol  type  in  every  case  except  for  one. 

Next,  the  overall  means  by  question  and  treatment, 
shown  in  Table  VII,  were  considered.  Now  a  clearer  picture 
begins  to  emerge.  Color  figurative  (green/red)  is  best  in 
every  category  of  question.  For  questions  referring  to 
symbol  type,  It  is  l .4y  seconds  better  than  color  figurative 
(blue/orange),  4.25  seconds  better  than  color  NTDS,  and  6.33 
seconds  better  than  monochromatic  NTDS.  For  questions 
referring  to  allegiance,  it  is  0.18  seconds  better  than 
color  figurative  ( blue/ orange) ,  0.61  seconds  better  than 
color  NTDS,  and  6.y7  seconds  better  than  monochromatic  NTDS. 
For  questions  referring  to  both,  color  f igura tive 
(green/red)  is  0.68  seconds  better  than  color  figurative 
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( oiue/o range )  f  0.Sy  seconds  oetter  chan  color  NTDS,  and  2 .27 
seconds  oeccer  than  monochromatic  NTDS.  for  all  categories, 
color  figurative  (green/rea)  is  best,  followed  in  order  by 
color  figurative  ( blue/crange) ,  color  NTDS,  and 
nonochroma ti c  NTDS. 

Finally,  the  grand  mean  for  ail  groups,  questions 
and  displays  by  treatment  were  calculated.  As  shown  in 
Table  VIII  the  order  of  best  response  times  was  the  same  as 
shown  in  the  preceding  paragraph.  While  these  mean  response 
times  have  been  used  to  gain  insight  into  the  subjects' 
performances,  they  cannot  be  considered  statistically 
conclusive  because  of  the  variances  involved.  Also,  effects 
such  as  learning,  display  difficulty,  and  previous 
experience  are  not  considered.  Therefore,  a  statistically 
rigorous  procedure,  analysis  of  variance,  was  performed  to 
allow  these  other  potentially  important  effects  to  be 
cons ider ed . 


2 .  Analysis  of  Variance 
a.  Hypothesis 

We  hypothesized  that  figurative  symbology  would 
improve  operator  target  recognition  times.  The  experiment 
null  hypothesis  was: 

Ho:  rni  =  Mi!  =  m2  =  M4 

where  m  is  the  mean  question  response  time  and  1-4  represent 
modes  monochromatic  NTDS,  color  figurative  ( blue/orange ) , 
ccirr  NTDS,  and  cclcr  figurative  (green/red),  respectively. 


The  alternate  hypothesis  is  implied — the  rean  response  times 
for  the  respective  modes  are  different. 

In  addition  to  testing  our  basic  hypothesis,  we 
felt  it  was  important  to  test  for  significance  of 
moae/aisplay  type  interactions  and  mode/question  type 
interactions . 

b.  Model 

Analysis  or  variance  considered  the  model: 

Y ( s  ,  d , q ) *M+ fcXl  +bX2+As+Bd+Cq+Isd+Isq+Idq  +Rsdq 

where  Y(s,d,q)  would  represent  the  response  to  the  qth 
question,  dth  display,  and  sth  mode.  M  is  the  mean  response 
time;  hXl  and  bX2  represent  the  two  covariahies  learning  and 
experience;  As  is  tne  main  effect  due  to  mode;  Bd  is  the 
main  effect  due  to  display  difficulty;  Cq  is  the  main  effect 
due  to  question  format;  Isd,  Isq,  and  Idq  represent 
interactions  from  the  main  effects;  and  Rsdq  is  the  residual 
term.  The  ccvariaDies  apd  the  factors,  display  and 
question,  were  included  in  the  model  because  of  our  belief 
that  each  would  affect  the  response  time.  Their  inclusion 
in  the  model  allows  for  a  reduction  of  the  error  variance 
matting  tests  of  the  hypothesis  cf  interest  mere  valid. 

In  performing  the  analysis  of  variance  we 
compiled  the  data  from  the  twenty  four  subjects  and  leaded 
the  data  into  a  file  on  the  Naval  Postgraduate  School  IBM 
3 £33  computer.  The  data  were  loaded  into  a  matrix  (1440x5) 


with  information  including  specific  response  times  to 
questions,  mode  type  (4  levels),  display  difficulty  (5 
levels),  question  format  (3  levels),  learning  covariaDle, 
and  the  experience  covariabie.  The  API  program,  ANOVA,  was 
used  to  calculate  the  sums  of  squares,  mean  squares,  degrees 
of  freedom,  and  the  i  statistics.  The  API  program  allowed 
us  to  first  construct  the  full  model  as  illustrated 
previously  and  then  reduce  this  model.  With  each  successive 
reduction,  we  were  able  tc  eliminate  a  portion  of  the  full 
model,  test  an  hypothesis,  and  determine  how  much  effect 
each  individual  factor  contributed  to  the  overall  model, 
i.e.,  how  much  variability  could  be  attributed  to  individual 
pieces . 

This  model  was  analyzed  to  describe  all  possible 
elements  of  variability.  The  following  ANCVA  table  (Figure 
6)  dissects  the  model,  Illustrating  the  contributions  of 
individual  factors. 

The  significance  levels  of  the  factors  in  this 
rncdel  matte  it  possible  to  reject  tne  null  hypothesis: 

Ho:  mi  =  hid  =  P3  =  f*4 

Having  established  that  the  main  effects  of  the 
model  are  significant,  we  can  continue  to  examine  the  model 
tc  explain  which  mode  presentation  was  best,  which  display 
was  easiest,  and  draw  some  conclusions  about  question 
categories . 
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Figure  6.  ANOVA  Results 
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Parameter  estimates  (Figure  7)  were  supplied  as 
a  ty-prrduct  cf  the  APL  program  used.  Coefficients  for  each 
rode,  each  display,  and  each  question  are  noted.  The 
coefficients  in  each  ci‘  these  groups  have  been  normalized. 
Specifically,  the  last  element  in  each  of  the  groups  is 
zero.  All  ether  elements  cf  the  respective  groups  are  then 
compared  to  this  zero  value.  To  evaluate  these  parameters, 
each  was  compared  tc  tne  normalized  value. 

Analysis  of  these  parameters  indicated  that 
cclor  syrboicgy  aid  significantly  cetter  than  monochromatic. 
Specifically,  the  green/red  figurative  symbology  performed 
best.  Cn  the  average,  questions  involving  monochromatic 
displays  took  t.t  seconds  longer  to  answer  than  did  those 
using  figurative  green/red  symbols.  (As  indicated  eariler, 
questions  used  for  each  mode  presentation  were  the  same.) 
Additionally,  questions  of  color  NTDS  displays  took  almost  2 
seconds  longer  and  questions  of  figurative  blue/orange  took 
.78  of  a  second  longer.  As  a  summary  comment,  the 
figurative  symbology  yielded  significantly  better  results 
than  did  monochromatic  NTDS ,  but  was  only  a  moderately 
better  performer  when  color  was  added.  However,  it  did 
out-perform  the  NTDS  symooiegy. 

In  reviewing  the  difficulty  cf  displays,  the 
review  of  tne  parameter  estimates  indicates  that  the  easiest 
display  to  respond  tc  was  display  cne  (nine  targets).  The 
most  difficult  display  was  display  three  (twenty-one 
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targets).  This  result  seemed  somewhat  inconsistent  because 
display  three  did  not  have  the  most  targets.  However,  this 
display  did  have  highly  clustered  symbols,  with  some 
overlapping,  which  made  individual  target  discrimination 
more  difficult.  The  other  displays  ranked  in  order  of 
difficulty  according  tc  number  of  targets. 

As  an  added  observation,  the  parameters  for  each 
of  the  cc-variabies  (Figure  7)  is  consistent  with  expected 
results.  Coefficients  are  negative,  which  indicates  that  an 
individual  with  more  tactical  display  experience  will  answer 
questions  more  quickly.  Also,  as  individuals  were 
progressively  exposed  to  each  of  the  modes,  learning 
occurred  end  responses  were  quicker. 


PARAMETER  ESTIMATES 


Monochromatic  5.5149 
Color  Figurative  (E/0)  0.7767 
Color  NTDS  1.9104 
Color  Figurative  (G/R)  0.0 

Display  1  -3.1611 
Display  2  -1.3862 
Display  3  2.9232 
Display  4  0.y407 
Display  5  0.0 

Experience  -0.6ie0 
Learning  -1.34yy 


Figure  7.  Parameter  Estimates 


Summary  Of  Analysis  Of  Variance 

Two  specific  observations  can  be  made  about 


c . 

Experiment  1.  First,  addition  of  color  to  symbols 
significantly  improved  response  times  to  questions  about  the 
situation  display.  Second,  figurative  symbology  performed 
better  than  NTIS  symbclcgy.  Although  the  proportionate 
increase  is  not  as  great,  both  sets  of  color  figurative 
symDcicgy  performed  better  than  NTLS.  The  best  performer  was 
the  color  figurative  (green/red)  mode. 

D.  ANALYSIS  OF  EXPERIMENT  £ 

1 •  Comparison  of  mean  Response  Times 

The  response  scores  are  shewn  in  Appendix  G.  means 
and  variances  (for  n-1  degrees  of  freedom)  were  computed, 
mean  response  scores  for  questions  referring  tc  type  were: 
monochromatic  -  13.9 2  and  color  figurative  (green/red)  - 

14.17.  Mean  scores  for  allegiance  questions  were: 
monochromatic  -  13.42  and  figurative  -  13.08.  Mean  total 

scores  were:  monochrcmat ic  -  27.33  and  figurative  -  27.25. 

Examination  of  the  mean  scores  indicates  no  difference  in 
performance  between  the  two  treatments.  To  confirm  this 
observation,  an  analysis  of  variance  was  performed. 

2 .  Analysis  Of  Variance 
a.  Hypothesis 

In  this  experiment  we  again  hypothesized  that 
figurative  symbology  would  do  better  than  NTDS  symbology. 

3y 


The  experiment  hypothesis  was: 

Ho:  Ml  =  M2 

where  M  is  the  mean  response  score  for  subject's  ability  to 
reproduce  targets  from  a  timed  display  and  1-2  represent 
modes  monochromatic  and  color  figurative  (green/red), 
b.  Analysis  Of  Variance 

In  doing  the  analysis  on  this  experiment,  we 
considered  the  mcdel: 

Y(d,q)  =  M  +  bXl  +  Ad  +  Eq  +  Idq  +  Rdq 
where  I(d,q}  would  represent  the  score  of  subject;  bXl  is  a 
covariable  representing  experience;  Ad  is  a  main  effect  due 
tc  mode,  monochromatic  or  color  figurative  green/redJ  Bq  is 
a  main  effect  due  to  question  type,  either  a  type  target 
question  or  an  allegiance  question;  and  Rsd  is  the  residual 
term. 

Analysis  was  accomplished  with  an  API  program. 
The  aata  were  loaded  into  a  matrix  (48  x  4)  with  information 
including  specific  scores  of  individuals,  mode,  question 
category  (type  or  allegiance),  and  an  experience  covariable. 
With  the  APL  program,  we  were  able  to  structure  an  ANOVA 
model  and  then,  through  successive  reductions  of  the  model, 
we  were  able  to  determine  contributions  of  individual 
effects  to  the  total  variability  within  the  model. 
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ANOVA 


SOURCE 

DF 

SS 

T 

MONO/COLOR 

1 

1.60 

.  ce. 

QUESTION 

1 

7.04 

1.01 

M/C  X  w 

1 

.18 

.03 

COV  1 

1 

11.34 

1.63 

RESIDUAL 

43 

i;yy.07 

TOTAL 

47 

32y.fci 

* 

Figure  8.  ANOVA  Results 

Figure  S  contains  the  ANCVA  table  which 
indicates  that  none  of  the  effects  within  this  model  were 
significant.  The  null  hypothesis  cannot  be  rejected. 
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IV.  DISCUSSION  AND  CONCLUSIONS 


A.  CONCLUSIONS 

This  researcn  effort  was  directed  at  determining  the 
utility  of  figurative  symoology  for  use  in  tactical 
situation  displays.  Results  of  experiment  one  confirmed 
the  advantage  of  using  color  versus  monochromatic  displays. 
Additionally,  the  advantage  of  using  figurative  versus  NTDS 
symcois  was  demonstrated  by  experiment  one.  Whereas 
experiment  one  addressed  tasirs  involving  speed  of  target 
recognition,  we  conclude  that  use  of  color  figurative 
symbologies  in  military  tactical  situation  displays  merits 
further  investigation. 

Experiment  two  addressed  utility  of  color  versus 
monochromatic  displays  in  tasirs  involving  memory  of  target 
location.  Results  of  experiment  two  do  not  support  use  of 
color  figurative  displays  in  situations  that  require 
memorization  of  displays.  This  result  is  attributed  to  the 
redundant  coding  of  the  NTES  symbology.  Subjects  had  to 
memorize  only  symbol  shape  in  order  to  remember  both  symbol 
type  and  allegiance  when  viewing  the  monochromatic  NTDS 
display.  The  color  figurative  symbology  required 
memorization  of  both  symbol  shape  and  color  in  order  to 
remember  type  and  allegiance.  One  may  postulate  that  the 
color  figurative  subjects  were  actually  processing  more 


I 


information,  i.e.,  processing  more  mental  Bits  than  those 
that  viewed  the  monochromatic  displays.  If  true,  one  could 
then  conclude  that  the  color  figurative  test  subjects  had  to 
outperform  the  monochromatic  test  subjects  in  order  to 
achieve  the  same  mean  scores,  Further  investigation  of  this 
possibility  is  left  for  future  stuay. 

B.  DISCUSSION  0 i  FUTURE  SYSTEMS 

Nowhere  is  the  neea  for  accurate,  up  to  the  minute  and 
easily  comprehensible  information  more  necessary  then  in  a 
conflict  situation.  Tne  ability  to  sort  out  and  interpret 
information  quickly  is  of  the  utmost  importance.  Because  of 
the  military's  large  data  bases,  the  amount  of  information 
available  to  commanders  is  immense.  The  use  of  computer 
graphics  to  display  data  allows  the  commander  to  get  maximum 
information.  The  high  information  content  in  a  graphic 
dispiay  will  enable  the  operator  to  assimilate  mere  data 
with  far  less  fatigue.  Also,  the  ability  to  update  the  data 
Instantaneously  on  the  screen  gives  the  commander  the  most 
current  information  available  to  aid  in  his  decision-making 
process.  [Ref.  9] 

As  noted  previously,  symbology  used  in  tactical 
situation  displays  has  been  limited  by  technology.  However, 
the  technology  now  exists  to  develop  computer  graphic 
display  symbology  that  can  be  tailored  to  meet  specific  user 
needs.  Why  net  fully  exploit  this  capability?  Although  not 
Illustrated  specifically  la  t&is  thesis,  potential  does 


exist  now  for  developing  even  more  descriptive  symbology 
than  was  developed  oy  the  authors.  Just  visit  your  local 
game  arcade  and  take  a  ciose  loo*  at  the  electronic  games. 
The  level  of  symbol  aetail  available  in  these  devices  is 
ahead  of  most  current  military  display  systems.  To  continue 
to  provide  commanders  with  efficient  display  systems,  the 
military  rrust  take  advantage  of  these  advances  in 
technology . 
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APPENDIX  A 


SUBJECT  GROUPINGS 
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APPENDIX  B 


ORDER  OF -TREATMENTS  BY  GROUP 


GROUP  A 


First  run 

— 

Monochromatic  NTDS 

Second  run 

- 

Color  Figurative l blue/c range ) 

Third  run 

- 

Color  NTDS 

Fourth  run 

Color  Figurative (green/red) 

GROUP  B 

First  run 

Color  Figurative (blue/orange) 

Second  run 

- 

Color  NTDS 

Third  run 

- 

Color  Figurative igreen/red) 

Fourth  run 

Monochromatic  NTDS 

GROUP  C 

First  run 

— 

Color  NTDS 

Second  run 

- 

Color  Figurative(green/red ) 

Third  run 

- 

Monochromatic  NTDS 

Fourth  run 

Color  Figurative (biue/orange) 

GROUP  E 

First  run 

— 

Color  Figurative (green/red) 

Second  run 

- 

Monochromatic  NTDS 

Third  run 

- 

Color  Figurative! tlue/orange) 

Fourth  run 

- 

Color  NTDS 
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DISPLAY  1 
Question  1 
Question 
Dues  t icn 
Question 
Question 
Ques  t icn 


c. : 

3: 

4: 


6: 


DISPLAY  2 
Question  l 
Question  2 
Question  3 


Question 
Ques  t ion 


4 : 
5 : 


Question  6: 


DISPLAY  3 
Question  1 
Question 
Question 


2: 


Question 

Question 

Question 


4: 

5: 

6: 


DISPLAY  4 
Question  l: 
Question  2: 
Question  3: 

Question  4: 
Question  5: 
Question  6: 

DISPLAY  £ 
Question 
Question 


APPENDIX  C 

EXPERIMENT  1  QUESTIONS 


Hew  many 
How  many 
Hew  many 
How  many 
How  many 
Which  quadrant 
enemy  units? 


air  units  are  displayed? 
friendly  units  are  displayed? 
enemy  suemarines  are  displayed? 

are  west  cf  the  Enterprise? 
air  units  are  displayed? 
has  the  largest  concentration 


units 
e  nemy 


of 


How  many  air  units  are  displayed? 

How  many  friendly  units  are  displayed? 

How  many  enemy  units  are  in  the  quadrant  with 
the  greatest  concentration  of  enemy  units? 

How  many  submarines  are  displayed? 

How  many  units  are  northeast  of  the  Enterprise 
ei eluding  friendly  units? 

How  many  unknown  air  units  are  displayed? 


How  many  enemy  surface  units  are  displayed? 

How  many  friendly  units  are  displayed? 

How  many  friendly  units  are  in  the  quadrant 
containing  the  largest  number  cf  friendly  urlts? 
How  many  unknown  units  are  displayed? 

How  many  air  units  are  displayed? 

How  many  units  are  northeast  cf  the  Enterprise 
excluding  friendly  units? 


How  many  enemy  units  are  displayed? 

How  many  friendly  air  units  are  displayed? 

How  many  enemy  units  are  in  the  quadrant  with  the 
greatest  concentration  of  enemy  units? 

How  many  unknown  surface  units  are  displayed? 

How  many  subsurface  units  are  displayed? 

Hew  many  friendly  units  are  displayed? 


units  are  displayed? 
air  units  are  north  cf  the 

units  are  displayed? 

surface  units  are  displayed? 
rface  units  are  in  the  NW  quadrant? 
es  are  displayed? 
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11 .50 

6.33 

6.06 

GROUP  VARIANCE 

= 

25.10 

6.47 

2 . 90 

13 

16.00 

8.50 

8.00 

14 

10.00 

8.50 

9.67 

It) 

6  .00 

6.00 

5.33 

16 

12.00 

6.00 

10.67 

17 

y  .00 

6.00 

5.00 

16 

17  .00 

5.50 

5.00 

GROUP  MEAN 

s 

12  .00 

6  .75 

7.28 

GROUP  VARIANCE 

= 

14.00 

1.88 

6.38 

iy 

6.00 

5.50 

6.00 

20 

25.00 

6.50 

8.00 

21 

5.00 

5  .50 

5.33 

r»  r 

cc. 

6.00 

13.00 

10.67 

23 

17.00 

19.00 

it  n 
lo 

24 

17.00 

14.00 

9.00 

GROUP  MEAN 

s 

12  .67 

10.58 

8.72 

GROUP  VARIANCE 

s 

67  .47 

31.34 

8.yi 

QUESTION  MEAN 

= 

13.12 

9.38 

7.92 

QUESTION  VARIANCE  =  42.11 

DISPLAY  MEAN 
DISPLAY  VARIANCE 

15.09 
=  10.14 
=  25.66 

e.yy 
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TABU  V-b 


MEAN  AND  VARIANCE  BY  GROUP,  QUESTION,  DISFIAY,  AND  TREATMENT 


COLOR  FIGURATIVE  (BLUE/ORANGE)  DISPLAY  *  1 


SUBJECT 

TYPE 

ALLEGIANCE 

BOTH 

1 

7.00 

6 .00 

4.67 

2 

9.00 

10.50 

7.33 

3 

6.00 

9  .50 

7.67 

4 

6  .00 

7.00 

6.00 

5 

6.00 

5.00 

8.67 

6 

£.00 

5.00 

7.00 

GROUP  MEAN 

7  .00 

7 .17 

6.89 

GROUP  VARIANCE 

1.60 

5.47 

1.94 

7 

13  .00 

6.50 

5.67 

fa 

15  .00 

7.00 

8.33 

9 

33.00 

9  .ee 

8.00 

10 

12.00 

9 .00 

14.33 

11 

8  .00 

4.50 

6.00 

12 

10.00 

8.50 

9.00 

GROUP  MEAN 

15 .17 

7  .42 

8.89 

GROUP  VARIANCE 

82.17 

3.14 

8.37 

13 

7.00 

5.50 

6.33 

14 

5.00 

3.50 

5.33 

It 

7  .00 

4.00 

3.67 

16 

4.00 

3.5e 

4.6? 

17 

7  .00 

4.50 

4.00 

ia 

6.00 

4.00 

6.00 

GROUP  MEAN 

6.00 

4.17 

5.00 

GROUP  VARIANCE 

1.60 

0.57 

1.15 

19 

6.00 

4.00 

4.67 

20 

6.00 

3.50 

4.00 

21 

4  .00 

3.50 

6.00 

22 

5.00 

5.50 

5.67 

23 

11.00 

5.50 

6.00 

24 

9.00 

4  .50 

5.00 

GROUP  MEAN 

6.83 

4  .42 

5.22 

GROUP  VARIANCE 

6  .97 

0.84 

0.65 

QUESTION  MEAN 

£  .75 

5.79 

6.50 

QUESTION  VARIANCE  = 

24  .54 

4 . 54 

5.17 

DISPLAY  MEAN  =  7.ei 


DISPLAY  VARIANCE  =  It  .95 
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TABLE  V-c 


MAN  AND  VARIANCE  BY  GROUP,  QUESTION,  DISPLAY,  AND  TREATMENT 


COLOR  NTDS 

DISPLAY  #  1 

SUBJECT 

TYPE 

ALLEGIANCE 

BOTH 

1 

7.00 

6  .00 

7.33 

2 

11.00 

5.00 

5.33 

3 

11  .00 

5.00 

5.67 

4 

15  .00 

7.00 

6.67 

5 

12. oe 

5.00 

7.33 

e 

13  .00 

6.50 

6.33 

GROUP  MAN 

= 

11 .50 

5  .75 

6.44 

GROUP  VARIANCE 

— 

7  .10 

0.77 

0.69 

7 

ie  .00 

8 .00 

6.00 

e 

5  .00 

7 .00 

4.67 

y 

18.00 

6.50 

6.67 

10 

9  .00 

5.50 

7.67 

li 

8  .00 

5.00 

5.00 

12 

12  .00 

8.00 

15.67 

GROUP  MEAN 

s 

11 .67 

6.67 

7.61 

GROUP  VARIANCE 

s 

29.07 

1.57 

16.78 

13 

8.00 

8.ee 

11.33 

14 

11 .00 

6.50 

10.00 

15 

12.00 

4.50 

E  •X'* 
v  •  Ow 

16 

13.00 

5.50 

7.33 

17 

7  .00 

10.50 

4.33 

18 

9.00 

6.00 

8.33 

GROUP  MEAN 

s 

10.00 

6.83 

7.78 

GROUP  VARIANCE 

s 

5.60 

4.57 

7.19 

19 

5  .00 

3.50 

4.00 

20 

14.00 

3.00 

4.33 

21 

6  .00 

5.00 

4.33 

22 

7.00 

4.50 

9.67 

23 

i7.ee 

6.00 

10.67 

24 

9.00 

5.00 

8.33 

GROUP  MEAN 

ss 

9.67 

4.50 

6.89 

GROUP  VARIANCE 

= 

23.07 

1.20 

9.11 

QUESTION  MEAN 

= 

10  .71 

5.94 

7.18 

QUESTION  VARIANCE 

s 

14.91 

2.66 

■7.65 

DISPLAY  MEAN  =  7.94 

DISPLAY  VARIANCE  «  12.31 


TABLE  V-d 


MEAN  AND  VARIANCE  BY 

GROUP,  QUESTION 

,  DISPLAY,  AND 

TREATMENT 

COLOR 

FIGURATIVE  (GREEN/RS 

D)  DISPLAY  #  1 

SUBJECT 

TYPE 

ALLEGIANCE 

BOTH 

1 

E  .00 

6.00 

C  'tt 

O  •  W  W 

2 

6.00 

8.00 

4.33 

3 

5  .00 

5.50 

3.67 

4 

6.00 

6.00 

5.33 

5 

8  .00 

4.00 

6.00 

6 

5.00 

4.00 

5.00 

GROUP 

MEAN 

= 

6  .33 

5.58 

5.11 

GROUP 

VARIANCE 

— 

1.87 

2  .24 

1.00 

7 

y  .00 

11.50  . 

5.33 

6 

5  .00 

4  .50 

4.33 

y 

10.00 

4.50 

7.00 

10 

7  .00 

3.50 

5.33 

n 

10  .00 

7.00 

4.00 

12 

y  .00 

6.00 

6.67 

GROUP 

MEAN 

s 

6.33 

6.17 

5.44 

GROUP 

VARIANCE 

= 

3.87 

8.37 

1.46 

13 

y  .00 

6.50 

5.67 

14 

7  .00 

4.50 

5.33 

15 

6  .00 

5.00 

5.00 

16 

6.00 

5.50 

5.00 

17 

3.00 

4.50 

3.67 

18 

6  .00 

6.50 

5.00 

GROUP 

MEAN 

as 

6.17 

5.42 

4.95 

GROUP 

VARIANCE 

25 

3  .77 

0.84 

0.46 

19 

10  .00 

4 .50 

5.33 

20 

10.00 

6.00 

4.33 

21 

14.00 

8  .50 

13.00 

22 

7  .00 

5.50 

4.67 

23 

y  .00 

10.00 

8.00 

24 

6  .00 

6.00 

5.67 

GROUP 

MEAN 

= 

y  .33 

6  .75 

6.83 

GROUP 

VARIANCE 

= 

7.87 

4.28 

10.79 

QUESTION  MEAN 

= 

7  .54 

5.y8 

5.58 

QUESTION  VARIANCE  = 

5  .65 

3.71 

3.56 

DISPLAY  MEAN 

6.37 

DISPLAY  VARIANCE  » 

4.yi 
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TABU  v-e 


v 


MAN  AND  VARIANCE 

EY 

GROUP, 

QUESTION ,  DISPLAY,  AND 

TRZATMEN' 

N'ONOCHRChATlC 

MIS  DISPLAY  #  2 

SUBJECT 

TYPE 

ALLEGIANCE 

BOTH 

1 

10  .00 

11.67 

6.00 

2 

31.00 

14.00 

9.00 

3 

17.50 

16  .00 

5.00 

4 

23  .00 

26.67 

16.00 

5 

25 . 00 

22.33 

7.00 

6 

15  .50 

18.00 

13.00 

GROUP  MAN 

20  .33 

16  .45 

9.33 

GROUP  VARIANCE 

— 

56.17 

29.76 

16.67 

7 

25  .00 

10.33 

4.00 

8 

6  .00 

12.00 

6.00 

9 

14.50 

14.67 

9.00 

10 

14 .50 

6  .33 

6.00 

11 

12  .50 

u 

5.00 

12 

13.00 

12.33 

11.00 

GROUP  MEAN 

s 

14 .58  ’ 

11.17 

6.83 

GROUP  VARIANCE 

= 

31  .74 

5 .29 

6.97 

13 

16.00 

13.33 

5.00 

14 

12.50 

10.33 

7.00 

IS 

10  .50 

11.00 

5.00 

16 

9.50 

12.00 

5.00 

17 

10  .00 

7.67 

5.00 

18 

21  .50 

16  .00 

5.00 

GROUP  MEAN 

3 

13.67 

12.06 

C  'll 
w  •  <Jo 

GROUP  VARIANCE 

= 

24.47 

12.06 

0.67 

19 

9.00 

15.67 

5.00 

20 

16.00 

12.00 

7.00 

21 

17  .50 

11.33 

6.00 

22 

21  .00 

15.67 

5.00 

23 

22  ,e0 

22.00 

12.00 

24 

20.00 

21.67 

15.00 

GROUP  MEAN 

= 

17.58 

16.39 

6.33 

GROUP  VARIANCE 

= 

22  .54 

21.05 

17.47 

GUEST  ION  MEAN 

= 

16  .54 

14.51 

7.46 

QUESTION  VARIANCE 

= 

3c  .54 

24.27 

11.91 

DISPLAY  MEAN 

=  12.64 

DISPLAY  VARIANCE  =  38  .93 


7? 


TABLE  V-f 


MEAN  AND  VARIANCE  BY  GROUP,  QUESTION,  DISPLAY,  AND  TREATMENT 
COLOR  FIGURATIVE  (ELUS/CRANGE )  DISPLAY  #  2 


SUBJECT 

TYPE 

ALLEGIANCE 

BOTH 

1 

b  .50 

C  'Z'X 

C  •  w  w 

6.00 

2 

5.00 

8.00 

4.00 

3 

7.50 

9.33 

9.00 

4 

10  .00 

10.67 

6.00 

5 

21 .50 

9.33 

5.00 

e 

6  .50 

8.67 

5.00 

GROUP  MEAN 

s 

10  .17 

9 .06 

£.83 

GROUP  VARIANCE 

3 

33.57 

0.91 

2.97 

? 

11  .00 

23.00 

13.00 

8 

9 .50 

12 . 00 

5.00 

9 

10.00 

9.00 

6.00 

10 

£  .00 

8.00 

5.00 

11 

9 .00 

8.00 

4.00 

12 

10.50 

13.67 

6.00 

GROUP  MEAN 

= 

9.67 

12.28 

6.50 

GROUP  VARIANCE 

3 

1.1? 

32.66 

10.70 

13 

7  .00 

9.ee 

4.00 

14 

7  .00 

5.67 

4.00 

15 

6.50 

5.33 

4.00 

16 

6.00 

6.00 

3.00 

17 

6.50 

6.67 

4.00 

18 

6  .50 

>7  tt 

5  .00 

GROUP  MEAN 

s 

6.58 

6.67 

4.00 

GROUP  VARIANCE 

3 

0  .14 

1.62 

0.40 

19 

6  .00 

6.67 

4.00 

2e 

5.00 

G,  M 

J  t  UW 

4.00 

21 

5  .50 

4.33 

3.00 

22 

6  .00 

6.67 

6.00 

23 

9.50 

8.33 

6.00 

24 

10  .50 

11.00 

10.00 

GROUP  MEAN 

= 

7  .75 

7  .06 

5.50 

GROUP  VARIANCE 

3 

4.66 

5.58 

6.30 

QUESTION  MEAN 

= 

8.54 

6.76 

5.46 

QUESTION  VARIANC 

10  .78 

14.10 

5.30 

DISPLAY  MEAN 

=  7.59 

DISPLAY  VARIANCE 

=  12.09 
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TAELZ  V-6 


PlAfi  , 

ant  Variance 

BY 

GROUP,  GUESTICN 

,  DISFLAY,  AND 

TREATMENT 

COLOR  NTDS  DISPLAY 

n  2 

SUE  J 

EOT 

TYPE 

ALLEGIANCE 

POTH 

1 

6.50 

u 

6.00 

2 

10 .50 

6  .67 

6.00 

% 

u 

14.00 

7.67 

11.00 

4 

12  .00 

e  .67 

7.00 

5s 

16  .50 

6.00 

5.00 

6 

15.00 

n  n 

I  «  ww 

7.00 

GRCUP 

MEAN 

= 

12  .22 

7.95 

7.00 

GROUP 

VARIANCE 

= 

9  .46 

0.91 

4 . 40 

7 

12.50 

9.00 

4.00 

6 

12  .20 

6.67 

5.00 

9 

12  .00 

12.00 

6.00 

10 

11.00 

10.23 

9.00 

11 

12.50 

13.23 

5.00 

12 

15  .50 

11.00 

9.00 

GROUP 

mEAN 

— 

12.63 

10.56 

6.33 

GROUP 

VARIANCE 

= 

2  .27 

6.29 

4.67 

12 

20  .50 

16  .22 

7.00 

14 

17  .50 

14.00 

6.00 

12 

14  .50 

12  .67 

6.00 

16 

14  .50 

U 

w  •  WW 

5.00 

17 

21.00 

7.00 

a.eo 

16 

16.50 

6.00 

12.00 

GROUP 

PE  AN 

= 

17  .42 

11.22 

7.32 

GROUP 

VARIANCE 

s 

6  .04 

12.54 

6.27 

ly 

7  .00 

6  .67 

4.00 

20 

6  .00 

C.  T*Z 
w 

5.00 

21 

y  .50 

7.00 

10.00 

r  r« 

cc. 

13  .00 

7  .23 

9.00 

22 

11  .00 

6.00 

5.00 

24 

12.50 

6.67 

8.0  0 

GROUP 

MEAN 

= 

10  .17 

7.17 

6.63 

GROUP 

VARIANCE 

= 

5  .67 

1.22 

6.17 

GUEST 

ION  MEAN 

= 

12.67 

9  .22 

6.66 

*  ti  lS  t 

ION  VARIANCE 

= 

12  .73 

7  .63 

4.6.1 

DISPLAY  MEAN 

9.92 

DISPLAY  VARIANCE  = 

16.25 

! 


A  is  La  V-b 


MEilN  . 

AND  variance  by 

GROUP,  QUEST 

ICN,  DISPLAY,  AND 

TREATMENT 

COLOR  s  IGUP.AT  IVE  ■,  GREEN 

/RED}  DISPLAY  ff  2 

SUEJ' 

EOT 

TYPE 

ALLEGIANCE 

DOTH 

1 

lk  .50 

10  .DO1 

5 .00 

2 

5  .50 

y  .67 

2.00 

•x 

Sm> 

10.50 

5  .67 

4.00 

A 

6  .00 

y  .00 

6.00 

c 

15  .50 

y  .67 

5.00 

5 

y  .oo 

10.23 

5.00 

C-  H  0  L  P 

MAN 

10  .17 

y . 22 

a. 67 

GROUP 

VARIANCE 

12  .27 

1  .76 

1.37 

7 

6.00 

11.22 

5.00 

£ 

o  .oo 

6 . 00 

5.00 

9 

6  .00 

r»  *Z  T. 

£.00 

io 

£  . 50 

6.23 

4.00 

11 

y  .00 

6  .67 

4.00 

lk; 

12  .50 

10  .22 

7.00 

(IRC  UP 

MAN 

6  .50 

6.00 

5 . 50 

GROUP 

VARIANCE 

5  .60 

5.10 

2.70 

12 

y  .50 

12.23 

5  .00 

14 

7  .50 

n  'X’x 

(  •  w  «-/ 

7.00 

10 

10  .50 

y  .23 

5.00 

le 

6.50 

S  .  00 

4.00 

1? 

11.00 

10.00 

5.00 

16 

12.00 

13.32 

5.00 

GROUP 

>  Ian 

y  .63 

10.29 

5.17 

GROUP 

::d 

M 

O 

b«i 

II 

2  .77 

6  .90 

0.97 

19 

y  .50 

11  .67 

6.00 

cl 

14  .50 

7 .00 

7.0  0 

21 

5  .50 

8  .5? 

4.00 

<•  r- 

<L  C. 

6  .00 

6.32 

5 .00 

ct 

12.00 

20  .67 

7.00 

24 

12.0  0 

9 .00 

7.00 

GROUP 

N  SAN 

10  *  C  sj 

10  .69 

6.00 

uF.Cl'P 

variance  = 

10  .46 

25 . 29 

1.60 

QUEST 

10 u  N EAN 

y  ,5y 

y  .52 

5 . 22 

.UEST 

ION  VARIANCE  = 

7  .2*i 

10.23 

1.62 

DISPLAY  'MAN 

=  £  .  22 

* '  T  ^  TJ  T 

—  A  K*  »  i. 

AY  VAX  UNCI 

=  10.42 

TABLE  V-i 


MAN  AND  V  AH  I  AN  CL  BY  GRCUP,  vUZSTICN,  DISPLAY,  AND  TREATM.NT 


r- criCChPCrATic  nils  display  s 

.-I-  vn  rr  at  r  *7  r 


CL  EJECT 

T  Y  p  E 

ALLEGIANCE 

rCTH 

1 

X 

47 .00 

18  .25 

24.00 

'c 

39 .00 

<9.00 

<4.00 

3 

9.00 

<1.00 

20.0  0 

4 

iy  .00 

<0.30 

15.00 

<4  .00 

35.20 

22.02 

6 

17.00 

15.75 

16.00 

GROUP  MAN 

= 

2t  .63 

23.25 

22.17 

GFCUP  VARIANCE 

a 

206  .37 

53.20 

15.37 

7 

<5.00 

16.25 

17.00 

U 

10  .00 

14.50 

14.00 

u 

<2  .00 

17  .75 

11.00 

10 

17 .00 

19.25 

16.00 

11 

15  .00 

11.23 

13.00 

12 

50.00 

16.00 

11.00 

GROUP  MAN 

a 

A3 . 17 

15.63 

13.67 

GRCllP  VARIANCE 

a 

<00.57 

7.67 

6.27 

13 

<4.00 

13.75 

17.016 

14 

19.00 

18 .00 

13.00 

15 

17  .00 

10  .75 

11.00 

ie 

11.00 

21.25 

11.00 

17 

37.00 

11.25 

9.00 

18 

19  .00 

14.23 

<9.06 

GECUP  MAN 

a 

<1  .17 

14  .cb 

15.00 

GROUP  VARIANCE 

a 

77.77 

16  .44 

54.40 

19 

17  .00 

15.25 

15.00 

A  2 

30  .00 

15  .75 

17.00 

2 1 

11.00 

18.00 

10.00 

r  «* 

<< 

10.00 

17.75 

21.00 

22 

40  .00 

32.25 

16.00 

<14 

<7  .00 

28 .25 

15.00 

GROUP  MAN 

a 

<5  .63 

21  .21 

15.67 

GROUP  VARIANCE 

a 

<66  .97 

51  .61 

12.67 

SUES  Tick  MAN 

= 

A  4 . 0  0 

18.79 

16.12 

1  LEST ION  VAR  I AT 

r  z  = 

16?  .46 

41 .02 

25.51 

LIS 

PLaY  MAN 

=  19.64 

DISPLAY  VARIANCE 

=  86.65 

table  v-j 

MAN  AND  VARIANCE  BY  GROUP,  QUESTION,  DISPLAY,  AND  TREATMENT 


COLOR  i  IGURAT I VE  v BLLE/OEAi'.GE  DISPLAY  *  i 


SLEJZCT 

TYPE 

ALLEGIANCE 

BCTH 

1 

6  .00 

13.25 

11.00 

c 

7  .20 

14 .00 

17.00 

iy.ee 

12.65 

12.0  0 

4 

10  .00 

12.50 

10.00 

£- 

12  .00 

12.00 

16.00 

6 

62  .00 

y  .75 

22.00 

GROUP  PE AN 

1  <  << 
lu  •  o 

12  .62 

14.33 

GROUP  VARIANCE 

= 

41  .07 

6 . 66 

62.67 

7 

11.00 

16.25 

14.00 

6 

11  .00 

14.25 

16.00 

y 

10 .016 

14.25 

6.00 

10 

16 .00 

15.65 

16.00 

11 

32  .00 

16  .00 

27.0it' 

1 A 

11.00 

64 . 65 

16.00 

GROUP  MAN 

35 

14.67 

16  .27 

16.00 

GROUP  VARIANCE 

= 

61  .07 

16  .3y 

ye  .00 

13 

10  .00 

10  .76 

66.00 

14 

11.00 

5.50 

5.00 

It 

11  .00 

y  .25 

10.00 

16 

15.00 

y  .50 

6.00 

17 

y  .eo 

5.75 

e.oe 

16 

6  .00 

y  .26 

16.00 

GROUP  MAN 

= 

10  .22 

c  .50 

11.17 

GROUP  VARIANCE 

= 

6  .67 

2.75 

42.37 

iy 

10  .00 

6  .00 

6.00 

60 

6  . 00 

10.25 

C  .00 

21 

ie  .00 

5.75 

9.00 

22 

6  .20 

7  .75 

12.00 

63 

y  .00 

14 .00 

12.00 

64 

13  .ee 

16.00 

9.00 

GROUP  MAN 

3T 

y  .67 

10  .46 

y.33 

GROUP  VARIANCE 

= 

3  .47 

14 .09 

y.&7 

QUESTION  MAN 

= 

16  .00 

li. yy 

13.61 

QUESTION  VAR I AN 

wji  —  33.66 

DISPLAY  man 
DISPLAY  VARIANCE 

17  .27 
=  16.40 

36.62 

49.39 

c6 
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IMaN  am:  variance  by  group,  question,  display,  and  treatment 


COLOR  :'TDS  DISPLAY  # 


SUBJECT 

TYPE 

ALLEGIANCE 

BOTH 

1 

l  a  .20 

13.25 

21.00' 

A 

23  .02 

6.75 

11.00 

3 

18.00 

10.75 

21.00 

4 

24  .00 

12  .50 

6.00 

c~. 

ie  .20 

13.76 

9.20 

g 

13.00 

11.50 

17.00 

GROUP  MEAN 

= 

16  .63 

11.75 

14.50 

GROUP  VARIANCE 

=r 

17  .37 

'T,  '2  C 

u  •  wO 

35.10 

7 

21  .00 

10.75 

9.00 

6 

13.00 

6  .00 

6.00 

a 

lc  .00 

11.50 

9.00 

12 

21.00 

11.25 

10.00 

11 

14  .00 

13.75 

13.00 

1 A 

12  .00 

13.50 

9.00 

GROUP  MEAN 

= 

16  .50 

11.46 

9.67 

GROUP  VARIANCE 

= 

13  .90 

4.39 

3.27 

13 

3b  .00 

14.75 

11.00 

14 

26 .00 

10.75 

10.00 

13 

11  .00 

10.25 

10.00 

It 

14  .00 

18.50 

16.00 

17 

9.00 

13.00 

6.00 

18 

20  .00 

23.30 

12.00 

GROUP  MEAN 

= 

20  .00 

15.13 

10.63 

GROUP  VARIANCE 

125  .20 

25.62 

10.57 

la 

6  .00 

11.00 

12.00 

20 

21  .20 

10.25 

6.00 

21 

23.00 

8.75 

7.00 

22 

10  .00 

9 .25 

6.00 

23 

20  .00 

18  .75 

17.00 

24 

16.00 

8.00 

10.00 

GROUP  MAN 

16  .33 

11.00 

9.33 

GROUP  VARIANCE 

= 

37  .c7 

15  .55 

17.47 

QUESTION  MEAN 

= 

17  .92 

12.33 

11.06 

QUESTION  VAHIANC 

A.  — 

44  .76 

13.47 

16.76 

DISPLAY  MEAN 

=  13.7c 

DISPLAY  VARIANCE 

=  33.90 

TABLE  V-l 


VEAN  AND  VARIANCE  BY  GROUP,  QUESTION,  DISPLAY,  AND  TREATMENT 


COLOR 
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/RED)  DISPLAY  *  2 

SUBJECT 

TYPE 

ALLEGIANCE 

BOTH 

1 

ii  .ea 

y  .25 

15.20 

2 

c  .2k) 

c  .  22 

12.02 

■x 

u 

i6.ee 

e.ee 

?.0fc 

4 

12  .22 

12.02 

8.02 

w 

12  .216 

8  .20 

10.00 

6 

y  .ee 

8.22 

12.20 

GROUP  MAN 

=  12. £2 

8  .67 

10.67 

GROUP  VARIANCE 

=  11.77 

2 .  ey 

8.67 

7 

9 .22 

12.25 

7.0  2 

£ 

6  .20 

7.00 

7.00 

9 

11  .22 

9 .02 

7.00 

16? 

6.22 

y  .75 

6.22 

11 

12  .20 

8.75 

14.00 

12 

9.20 

12.50 

10.00 

GROUP  MEAN 

=  6.63 

y  .71 

8.82 

GROUP  VARIANCE 

=  6.17 

4  .69 

7.77 

12 

11.00 

6.50 

10.00 

14 

8.22 

6.25 

8.02 

15 

12  .00 

10.00 

6.00 

16 

7.00 

8  .50 

11.00 

17 

9 .22 

6.52 

6.ee 

18 

20  .00 

11  .25 

17.00 

GROUP  MAN 

=  12.82 

6  .62 

y.67 

GRGUP  VARIANCE 

=  22.17 

2.64 

17.27 

19 

12  .00 

8.50 

11.00 

2  0 

y  .00 

9.00 

9.00 

21 

6.22 

7.25 

7.22 

<■*  r 

<C  A- 

y  .02 

9.00 

7.00 

c2 

15  .00 

14.75 

16.00 

24 

11  .20 

14.50 

22.22 

GROUP  MAN 

=  12.00 

10 .50 

11.67 

GROUP  VARIaNCE 

=  e  .80 

10  .62 

27 . 67 

GUEST  ICN  MEAN 

=  12.12 

9  .46 

12.21 

.LIST  ION  VAKIANC 

E  *  11  .22 

4  .96 

14.52 

DISPLAY  MAN 

=  y.9'4 

DISPLAY  VARIANCE 

-  12.29 
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MAf.  aNL  VARIANCE  BY  GRCUP,  CUZS'IICN,  DISPLAY,  AND  TF.ZATMNT 
NCNCChRCN.ATIC  MBS  DISPLAY  ff  4 

-r*  ■»  r-  n  m  n  rr  ■*-  orr'T/  T-i*/''!*  n  AT-rr 


c  .  t?  7  T  r  'V 

u  ex  u  2  U  l 

TYPE 

ALLEGIANCE 

fCTH 

1 

11  .00 

25 .22 

9.00 

k: 

17  .00 

17  .22 

y .  50 

7? 

w 

11.00 

25.22 

14.0  0 

4 

22  .00' 

2y  .00 

15.02 

&- 

20.00 

-i  a  77 
u  v  •  C  W 

It  .50 

s 

16  .00 

24.22 

11.00 

GECUP 

MAN 

= 

00 .17 

2y  .44 

12.22 

GRCUP 

VARIANCE 

— 

y0 .17 

£6 .  zy 

£.17 

7 

y  .00 

1  "C  'Z  *2 

X  ..  .  w  w 

M  00 

£ 

b  .00 

11.22 

£.00 

<_ 

14 .00 

19.00 

12.00 

10 

11.00 

15.00 

8.00 

11 

10  .00 

It  .00 

y  .50 

lb 

12  .00 

IS  .00 

11.00 

3HCJP 

MAN 

- 

10. £2 

15  .28 

9.42 

GROUP 

VARIANCE 

= 

5  .27 

£  .16 

5.04 

12 

12  .00 

20.67 

9.00 

14 

10.00 

14.67 

9.50 

It 

10  .00 

11.00 

ie 

It  .00 

iy  .67 

£.00 

17 

10.00 

15.22 

11.50 

lb 

16.00 

14.00 

£.00 

GF.Cl'P 

MAN 

= 

10  .67 

19  .94 

9.50 

GROUP 

VARIANCE 

= 

6.27 

45  .71 

2.20 

ly 

y  .00 

17.00 

£.00 

20 

20  .00 

17.00 

12.00 

21 

y  .00 

15.22 

6.00 

r  *-* 

c  C. 

11.00 

19  .67 

10.00 

22 

It  .00 

25.00 

21 .00 

24 

24.00 

22.00 

25.00 

GROUP 

MAN 

= 

14  .67 

21.17 

12. £2 

GROUP 

VARIANCE 

= 

2c  .67 

w  W  •  X  w 

57.27 

GUIS  T 

ION  MAN 

= 

14  .56 

21.46 

11.27 

CUESTIOti  VARIAMC 

T  _ 

•i  — 

<i2  .£2 

54  .£  5 

19.54 

DISP 

LAY  MAN 

=  It. 77 

DISPLAY  VARIANCE 

=  59.7 y 

bC 
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MAN  A f:  E  VARIANCE 

BY 

grcup,  question , 

DISPLAY,  AND  TR 

EATMNT 

COLOR  r  IGURAT 

I V E  (BLUE/ ORANGE 

,  DISPLAY  ft  4 

SUBJECT 

TYPE 

allegiance 

PCTH 

1 

12  .00 

10  .67 

7.50 

L' 

y  .00 

10.00 

5.02 

n 

w 

8.00 

7.33 

7.50 

4 

12  .00 

11.00 

23.00 

u 

13  .20 

10.00 

7.00 

6 

ie.ee 

11.33 

7.50 

CROUP 

(MAN 

- 

12  .00 

10.06 

y .  56 

CROUP 

VARIANCE 

= 

12  .40 

2.07 

44.14 

7 

I6.ee 

e  .ee 

6.00 

6 

It  .00 

12.33 

10.50 

is 

12  .00 

17.00 

6.00 

10 

37  .ee 

16.67 

17.00 

11 

15  .00 

y  .00 

7.00 

12 

31  .22 

21.20 

10.50 

CROUP 

(“  EAa 

= 

Jdi.se 

14.00 

9.50 

CROUP 

VARIANCE 

103  .50 

2b. 76 

17.60 

15 

24.00 

12.67 

5.50 

14 

6  .00 

6.67 

7.50 

1  5 

7  .00 

y  .67 

6.50 

lc 

y  .00 

C-  ■XI 

C  •  VU 

6.50 

17 

7  .ee 

8.67 

4.50 

18 

8  .00 

11  .33 

6.50 

CROUP 

NT  AN 

Zb 

10.50 

y  .56 

6.17 

GROUP 

VARIANCE 

44.30 

4.69 

1.07 

iy 

6  .00 

7  .33 

5.50 

20 

l<t  .00 

7.67 

6.00 

21 

7.00 

7.00 

4.50 

22 

y  .00 

7 

r  i  uu/ 

6.00 

23 

10  .2*) 

y  .67 

7.50 

24 

13.00 

y  .67 

7.00 

CROUP 

MAN 

= 

10  .17 

6 .11 

6 . 42 

CROUP 

VARIANCE 

= 

7  .77 

1 .50 

1.74 

GUEST 

ICN  rEAN 

= 

13.54 

10.43 

7.92 

CURST 

ION  VARIANCE 

= 

by  .04 

12.36 

16.64 

EISPLAY  MAN 

10  .63 

DISPLAY  VARUNCE  = 

33. y5 

cfc 
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ME AN  AND  VARIANCE  BY  GROUP,  QUESTION ,  DISPLAY,  AND  TREATMENT 


COLOR  NTDS  DISPLAY 

rr  4 

SUBJECT 

TYPE 

allegiance 

EOTH 

1 

15  .00 

e.67 

7.00 

c  .00 

8.67 

S  .00 

w 

17  .00 

8 . 00 

6.00 

4 

14  .00 

6.33 

14.00 

Ct 

13  .00 

9 .67 

7.50 

6 

22 .00 

9 .67 

7.50 

GROUP  MEAN 

=  ■ 

14  .60 

e  .64 

6.33 

GROUP  VaPIaMCE 

— 

27.60 

0 .46 

8.17 

7 

15  .00 

y  .33 

7.00 

6 

6  .00 

7.00 

6.00 

is 

11  .20 

15.67 

10.00 

10 

14.00 

S  .67 

7.00 

11 

16  .00 

12.00 

11.00 

in 

21  .00 

20.00 

10.00 

GROUP  MAN 

= 

14.17 

12.11 

8.50 

GROUP  VARIANCE 

— 

iy  .77 

24.12 

4.30 

13 

23  .00 

lw  »  ww 

8.00 

14 

11.00 

y.33 

8.00 

It) 

11  .00 

10.33 

11.00 

16 

14.00 

18.33 

12.50 

17 

18.00 

y  .67 

6.00 

16 

26  .00 

11.00 

7.50 

GROUP  MEAN 

- 

17.17 

12.00 

8.83 

GROUP  VARIANCE 

~ 

39.77 

11.64 

5.67 

IS# 

12  .00 

y.33 

6.00 

20 

12  .00 

8 .23 

8.50 

21 

y  .00 

8.00 

6.00 

22 

10  .00 

14.67 

y.50 

23 

14  .00 

11  .67 

7.00 

24 

15  .00 

11.67 

7.5e 

GROUP  MEAN 

= 

12  .00 

10  .61 

7.42 

GROUP  VARIANCE 

= 

5  .20 

6.48 

1.94 

QUESTION  MEAN 

= 

14.46 

10.89 

6.27 

CUES TICK  VARIANC 

E  = 

23  .56 

11 .12 

4.70 

DISPLAY  MEAN 

11  .21 

DISPLAY  VARIANCE  = 

19.28 

cV 


TABLE  V-p 

MEaN  AND  VARIANCE  BY  GROUP,  QUESTION,  DISFLAY,  AND  TREATMENT 


COLOR 

i  IGUPAT 1 VI  'v  GREEN/ 

RED;  DISPLAY  *  4 

SUBJECT 

TYPE 

ALL EG  I ANCE 

BOTE 

1 

10  .00 

9.67 

7.50 

2 

6  .00 

10.00 

8.00 

w 

11.00 

U  T* 

4.50 

4 

22  .00 

9  .67 

11.00 

10  .20 

10.00 

12.50 

6 

y  .00 

u  r? 

10.00 

GROUP 

MIAN 

ss 

11.20 

9  .67 

6.92 

GROUP 

VaR  I aN Cl 

s 

2":  .70 

0  .09 

6.14 

7 

9.00 

n  'Z'X 

f 

6.0  0 

6 

C  .£0 

9.67 

5.00 

9 

9  .00 

9  .00 

7.00 

10 

6.00 

14.00 

6.00 

11 

9  .00 

6  .67 

5.50 

12 

11 .20 

14.22 

12.50 

GROUP 

MS  AN 

s 

8.67 

10.17 

7.17 

GROUP 

VARIANCE 

s 

2  .67 

10  .78 

10.07 

12 

12.00 

15  .00 

13.00 

14 

18.00 

ie.ee 

6.50 

IP 

10  .00 

7.67 

7.50 

ie 

10  .00 

12.00 

6.00 

17 

7.00 

8.22 

5.5e 

ie 

15  .20 

9  .67 

7.50 

GROUP 

MIAN 

SE 

11  .67 

11  .78 

8 . 50 

GROUP 

VAR  IAN C I 

= 

16.27 

16.47 

22.20 

ly 

12  .00 

9.67 

10.00 

20 

12  .00 

14.23 

6.00 

21 

12  .00 

7.23 

4.50 

22 

12  .00 

15.00 

6.00 

22 

14  .00 

1  C.  'Z'X 

i  w  •  uu 

14.50 

24 

13.00 

17.67 

12.50 

GROUP 

?'  IAN 

= 

i3  ,ee 

12.22 

8.92 

GROUP 

VARIANCE 

= 

0  .40 

15.19 

12.74 

'>  [J  7  C  ^ 

ION  MAN 

= 

11  .21 

11.21 

6.27 

w LEST  ION  VAR  I AN 

O 

r** 

M 

14  .25 

11.29 

12.11 

t'T  c 

w 

PLAY  MEAN 

=  12.26 

DISPLAY  VARIaNCI 

-<* 

:sj 

-.f 

H 

II 

TAPLE  V-q 


i* Ian  and  variance  ay 

GROUP , 

QUESTION  ,  DISPLAY  ,  AND 

IRZATMN 

ft  C  N  C  Ch  RCft  AT  I C 

NILS  DISPLAY  ff  t 

SUBJ1CT 

i  Y  PE 

ALLEGIANCE 

EOTH 

1 

12  .20 

y  .20 

12.00 

£. 

17  .20 

12.20 

19.00 

w 

18.20 

11.00 

12.67 

A 

18  .00 

13  .00 

12.57 

23  .82 

14.00 

15.67 

6 

15  .50 

23.00 

15.33 

GROM'  MAN 

17  .33 

13.57 

14.72 

GFCUP  VaPIaNCE 

14 .17 

23  .87 

7.52 

7 

18  .50 

5.00 

6. 5? 

8 

fc  .22 

y  .20 

6.57 

£ 

14 .52 

11.20 

16.02 

1C 

y  .50 

11.20 

r->  cj  n 

f  ,Cf 

11 

12  .50 

7.20 

7.57 

12 

13  .50 

10.20 

11.33 

GROUP  MAN 

12  .42 

8  .83 

9.6? 

GROUP  VARIANCE 

14  .84 

5.77 

12.16 

13 

15  .20 

5.20 

i  *7  7  7 

i  ^  •«->*_ 

14 

15  .00 

e.00 

14.67 

It 

12  .00 

7 .00 

11.00 

It 

18  .00 

11.00 

20.00 

17 

10.50 

y  .oe 

7.67 

18 

1?  .20 

5.20 

10.67 

GROUP  MAN 

14  .58 

7.57 

12.89 

GROUP  VARIANCE 

8  .24 

4.67 

17.93 

iy 

27  .00 

y  .00 

12.33 

20 

14  .00 

13.22 

13.33 

21 

10.50 

4.oe 

7.33 

f  r 

C  L. 

15  .50 

8.00 

12.57 

cZ 

25  .50 

22.00 

17.00 

24 

18.50 

46.22 

17.33 

GROUP  MAN 

18  .83 

17 .20 

13.00 

sxF.OUP  VARIANCE 

44.77 

239.20 

14.58 

QUESTION  MAN 

15  .7u 

11 .7y 

12.57 

I  LIST  I  OK  VARIANCE  = 

24  .22 

74 . 17 

14.83 

EISPLAY  MAN 

=  13.38 

DISPLAY  VARIANCE  =  ZV  .72 
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x ZA K  AND  VARIaNC 

E  BY  GROUP,  CuISTICN, 

El  SPLAY,  AND  TP. 

Z ATP IN 

CCLCF  i  i 

GUF.AT  I VE  (BLIZ/CRAf.GZ 

;  EISPIAY  *  5 

SlEJZC'i’ 

TYPE 

ALLEGlAf.CI 

BOTH 

1 

1 5 .02 

6.20 

12.22 

k. 

14  .  c  2 

4 . 20 

7 . 67 

u 

24.5  2 

5 . 22 

y.67 

4 

14  .50 

5.00 

y  .22 

► 

25  .33 

4.22 

O  ^  *» 

v  »  u  V- 

5 

11 .33 

4.22 

If/  **** 
i  C  •  «-/v- 

GROUP  MAN 

=  17. 2£ 

4.67 

y  .72 

GROUP  VaSIaNCZ 

=  36. y4 

2  .67 

2.41 

r 

t 

52  .53 

6.22 

7.67 

C 

21  .32 

6.20 

y.67 

y 

22  .52 

6.22 

£.22 

12 

17  .52 

5.22 

14.67 

li 

it  .ee 

fc  .20 

12.20 

1 A 

4c  .02 

y  .20 

16.53 

GROUP  MAN 

=  25 .25 

6.67 

li.  3y 

GROUP  VARIANCE 

=  121  .66 

2.27 

12.76 

15 

26  .20 

4.20 

8.35 

14 

y  .52 

5.02 

n  14 

C  •  KJ  O 

It 

11.62 

6.00 

5.67 

15 

6  .30 

8.20 

6.67 

1? 

6 .50 

4.22 

e,  r< 

16 

y  .50 

4.00 

7.20 

GROUP  MAN 

=  12.17 

4  .67 

6. by 

A?. CUP  VARIANCE 

=  47.37 

5.27 

1.63 

ly 

15  .02 

4.00 

8.00 

A3 

iy  .20 

4.00 

7.20 

21 

"  .52 

4.00 

7  1  4 

I  • 

22 

12  .53 

4 . 20 

y.55 

25 

14  .52 

5.20 

11.67 

24 

11.52 

4 .22 

12.67 

GROUP  MAN 

=  13.50 

4.17 

y  .33 

group  variance 

=  14.72 

2.17 

5.57 

SUZSTICN  MAN 

*  17.22 

5.24 

y  .35 

i CESSION  VARiAI.C 

E  =  75  .32 

2 .50 

7.6c 

i.  IS  FLAY  MAN 

12  .46 

-12 PLAY  VARIaNCI  = 

52.21 
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MAN  AN  E  V^HljiNCE  BY  GKCbP,  QUESTION,  EISFLAY,  ANE  TREATMENT 


SUBJECT 

CCLCR  \ IES  E IS PLAY 
Y  P  E 

A  5 

allegiance 

P  Q  IT.  T, 

1 

In  .50 

6.00 

6.00 

c 

IP  .00 

4.20 

11 .6? 

"X 

14  .50 

6.00 

7.6? 

4 

P4  .5o 

5.00 

6.22 

iy  .oo 

4.00 

10.67 

g 

22.00 

5.00 

U  "K 1 

GROUP 

MAN 

=  lb.  58 

5.00 

y .  PS 

GROUP 

V  nB  I xif.  CE 

=  tP  .74 

0  .60 

P.56 

7 

PP  .50 

6 .00 

6.67 

c 

12  .00 

6.00 

7.6? 

y 

P0  .00 

5  .00 

7.67 

1C' 

15.00 

6.00 

16.00 

11 

12  .00 

4.00 

10.00 

IP 

14  .5  0 

8.00 

IP .  c7 

GROUP 

MAN 

*  16.22 

5.62 

10.45 

GROUP 

VARIANCE 

=  15.77 

1 .77 

10  .yi 

12 

24  .00 

7.00 

16.67 

14 

15.00 

5.00 

10.22 

1  U 

PP  .50 

5.00 

10.00 

16 

17.00 

10  .00 

17.00 

17 

15.00 

8.00 

7.6? 

la 

17  .60 

6.00 

y  .32 

GROUP 

MAN 

=  P0.1V 

6  .82 

11.62 

GROUP 

VARIANCE 

=  52.47 

2.77 

15.86 

ly 

8  .50 

5.00 

7.67 

PC 

14  .00 

3.00 

6.00 

PI 

6.50 

2.00 

6.00 

12  .50 

6.00 

IP. 00 

P2 

12  .00 

8.00 

9.67 

P4 

11.50 

8 . 00 

6.67 

GROUP 

MAN 

=  11.50 

5.23 

6.67 

GROUP 

VARIANCE 

=  6 .10 

5.0? 

4.12 

QUEST 

ION  MAN 

=  16. b0 

5.?5 

10.06 

QUEST 

I CM  VARIANT 

E  =  4P.27 

p.ye 

8.60 

E  IS  PLAY  MAN 

LI  SPLAY  VARIANCE  = 

1 0  .  y  0 

26  .ye 

TABLE  V-t 


V 


l 


MaK  ANE  VARIANCE  IsT  GROUP, 


COLOR  r  ICURA‘1 1 '<2 


S  L  r  J I 

Cl 

t-vdT 

1 

11.52 

P 

c  .52 

T 

u 

1  '2 . 5  '2 

4 

IP  .6k- 

c 

i  j.  •  w  ii 

5 

16.52 

GROUP 

n  t  }  f.; 

11  .62 

GROUP 

VaR  I aN Cl 

— 

7  .07 

r* 

( 

17  .20 

6 

PP  .52 

9 

14.52 

12 

6  .50 

11 

14.22 

IP 

12  -22 

GROUP 

MAh 

= 

14. 9P 

GROUP 

VARIANCE 

PI  .54 

13 

11.52 

14 

12.22 

15 

12  .22 

lc 

11  .52 

17 

IP  .50 

16 

12 .22 

GUEST I  ON ,  EISFLAY,  AND 

TREATMENT 

GREEN /REE;  El S PLAY  ff  5 

allegiance 

fctk 

5.22 

9.67 

2.32 

y .  3  2 

4.22 

7.0  2 

2 .33 

11.67 

4 .22 

9.20 

4.22 

12.22 

4.17 

9.45 

2 .57 

P  .  42 

5.22 

17.67 

4.22 

6.67 

7.22 

7.22 

4.22 

6 . 33 

2.22 

6.67 

5 .22 

11.22 

4.67 

6.29 

1  .67 

4.24 

5.02 

6.22 

4.22 

5.67 

4 .22 

7.32 

6 . 32 

11.67 

4.22 

6.32 

5.20 

6.67 

GROUP  MAN  -  11. 4P 

GROUP  VARIANCE  =  1-54 


a.95 

4.51 


19 

P2 

PI 

OP 

23 

P4 


17.53 
1c  .50 
12.50 
It  .50 
19  .50 
i  9 .  o  fc 


2 .  22 
4 .00 
5 .00 
ie  .oo 


11.20 

14.20 

*t  *Z 

-  i  w  W 

7.67 

19.67 


GROUP  I 
GROUP  'in. 
ouis  tic;, 

c<l  tp\' 


IANCE 

VARTAN C Z  * 


17  .26 
4  .c4 
12  .61 
12 .19 


El  SPLAT 
El  SPLAY 


N  RAN 
A a  i  ah  C  p. 


w  • 

5  .67 
4  .79 
0 . 50 
9 .26 
UP  .  04 


IP  .  17 
P4 .22 
9.49 
12 .46 


TAELS  VI-c 


MAN  AW  VARIANCE  BY  C'JES'ilCN,  DISPLAY ,  AN*.  IREATMN'i 


DISPLAY  *  1 


TYPE  ALLEGIANCE  BOTH 


N’CnCCRRONATIC  NILS 


Man 

V  A R I AN C I 


13.11;  9.3c  7.9H 

4i!.  ii  15.  ey  5.yy 


CCLCP.  t  ItiliRAT  i  YE  (BLUE/ ORANGE) 


I*  BAN 

VARIANCE 


P.75  5.79  6. 54* 

34.34  4.54  5.17 


ccicit  mis 

MAN 

VARIANCE 


lz.vi  5.y4  7.ie 

14. 91  Z  .66  7.65 


MAN 

V aR I AN  CE 


CCLCF.  FIGURATIVE  (GREEN/REE) 


7.54  5.96 

5.65  3.71 


56 

56 


L.  *< 


TABLE  VI-c 


’  I A  N  AND  VARIANCE  BY  GUEST  ICN,  DISPLAY,  AND  TREATMENT 


DISPLAY  *  2 


TREATY  ENT 

TYPE 

A I  LEO  I  AN CE 

BOTH 

YONCCERCYATIC  NILS 

"IAN 

=T 

16.54 

14 .51 

7.46 

VARIANCE 

= 

36.54 

24  .27 

11.91 

CCLCR  r'lGUEAT  IV  Z  ( BLUE/ORANGE ) 

YEAN 

VARIANCE 


£.54  6.?6  5.46 

12.78  14. I'D  5.30 


COLOR  NTDS 

YEAN 

VARIANCE 


13.67  y.22  e.ee 

12.73  7.63  4.61 


YEAN 

V  AP.  I A  N  C  E 


COLCR  5 IGURATI V E  (GREEN, 'RED ) 

y .  cy  y . 62  5 .33 

7.34  1D.23  1.62 


F/G  15/7 
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TABLE  V I-c 


MAN  AND  VARIANCE  KY  QUESTION,  DISPLAY,  AND  lREATMNT 


DISPLAY  *  2 

TREATMENT 

TYFE 

ALLEGIANCE 

3CTK 

N.CNOCP.RGhATIC  NTDS 

MAN 

VARIANCE 

=  2%  .00 
=  167.46 

16  .79 

41.02 

16.12 

25.51 

COLOR  ilGURATIVL  (BLUE/CRANGE) 

MAN 

VARIANCE 

=  •  12.^0 

=  32.66 

li. yy 

17.27 

12.21 

4y.3y 

COLOR  NTDS 

MAN 

- 

17.92 

12.33 

11.06 

VARIANCE 

= 

44.78 

12.47 

16. ?b 

COLOR  FIGURATIVE  (GREEN/RED) 


10.12 

11.23 


MAN 

variance 


y  .48 

4. ye 


10.21 

14. £2 


TABLE  VI-a 


MAN  AND  VARIANCE  BY  QUESTION,  LISBLAY ,  AND  TREATMENT 


DISPLAY  #  4 

treatment 

TY  ?E 

ALLEGIANCE 

BOTH 

N  GNCChRCN.AT  1C  MTDS 

MAN 

VARIANCE 

=  14. te 

=  43.62 

2  1  ,  4:6 

64.65 

11.27 

19.54 

COLOR  FIGURATIVE  (BLUE 

/ORANGE) 

MAN 

- 

13.54 

10.  *3 

7.92 

VARIANCE 

ty .  04 

12  .36 

16.64 

COLOR  NTDS 

MAN 

- 

14.46 

10.69 

6.27 

VARIANCE 

23.56 

11.12 

4.70 

COLOR  FIGURATIVE  (GREEN/RED) 

MAN 

= 

11.21 

11.21 

6.37 

variance 

= 

14.35 

11 .29 

12.11 

TABLE  Vl-e 


MAN  and  variance  E  i  clesticn,  display,  and  treatment 


DISPLAY  *  t 


TREATMENT 

TYPE 

ALLEGIANCE 

EGTH 

i'.ONCCERCMATIC  NTDS 

N a  r* 

VARIANCE 

=  IE.  79 

=  24.22 

11 .79 

74.17 

12. 57 
14.83 

CCLCR  FIGURATIVE  ( BLUE/CRANGE ) 

MAN 

VARIANCE 

=  I7.ee 

=  75.02 

5.e4 

2.3e 

7  »  ww 

7. be 

COLOR  NTDS 

MAN 

VARIANCE 

=  16.90  5.75 

=  42.37  2.98 

10.26 

fc.ee 

COLGR  5IGURATIVE  (GREEN/RED) 

MEAN 

VARIANCE 

=  13.81  4.79 

=  13.19  2 .52 

9.49 

10.46 

yv 


TABLE  VII 


MAN  AND  VARIANCE  BY  CuZSTIGN  AND  TREATMENT 


TREATMENT 

TYPE 

ALLEGIANCE 

EOTh 

MONOCHROMATIC  ntds 

MAN 

variance 

=  16  .  bl 

=  ?  t  .  1 1 

It  .19 

62 .  18 

11.07 

86.46 

COLOR  FIGURATIVE  ( BLUE/CRANGI) 

man 

variance 

=  11.97 

=  51.24 

8  .40 

16.88 

6 . 46 
23.54 

COLOR  N TER 

man 

VARIANCE 

»  14.73 

=  33.24 

6  .63 
14.32 

6.69 

11.34 

COLOR  FIGURATIVE  (GREEN/RED) 

MAN 

VARIANCE 

*  10.48 

=  14.86 

8  .22 
12.22 

7.60 

12.20 

TAJjLE  VIII 


KEAN  aNj  VARIANCE  EY  TREATMENT 

TREATMENT  M.EAN 


MONOCHROMATIC  NTLS 

14.35 

COLOR  FIGURATIVE 

( El J2 /ORANGE ) 

y  .62 

COLOR  NTLS 

1C  .7b 

COLOR  FIGURATIVE- 

(GREEN/RED) 

8 .83 

VARIANCE 

by. cl 

33. ie 

27.46 

14.21 


APPENDIX  G 


I  !“,EAN"13.»isi 

I  i 

j VARIANCE"  7.721 


13  .06 


27.2b! 


APPZNEIX  fi 


CChPUTER  rRCCRAm  TC  CALCULATE  KEANS  AND  VARIANCES 


1L 

11 

ie 


44 

43 

42 

41 


This  program  calculates  means  ana  variances 
for  n-1  degrees  of  freedom. 

real  array  14 ,5 ,24  ,3 ;  f  csum(4,  5, 4, 3)  ,cx oar  (4 ,5 ,4 ,3 ) 
real  cver(4,h,4,3)  ,qsuir.l4 ,t  ,3 )  ,qx bar (4.S.3) 
real  qvar(4,5,3),dxbar(4,5;,dvarl4,5) 
real  txcar i 4 ,3 )  , tvar ^4 ,3  ) 
real  mxber(4) ,mvar (4 ) 
real  sum , csquare  , firs t , secona 
integer  mcde.disp.subj , oues.gr cup 
Input  data  from  file  called  matrix, 
do  1 45  mode=l,4 
cc  11  disp=l,h 
ac  12  subj=l,24 

reaal5,lHarra/(mode,aisp,subj,ques),  ques=l,3 
continue 
continue 
continue 

Calculate  the  group  means  and  variances, 
do  41  moae=l  ,4 
do  42  d.i  sp=l  ,5 
dc  43  ques»l,3 
sum=0 .0 

do  44  subj=l,24 

sum  =  sum  +  arraylmcde.disp, subj  ,ques ) 
iflsubj  .eq.  6 )csum(modefdisp,l,ques)=sum 
iflsubj  .eq.  eicxbarlmode.aisp.l ,ques )=sum/6.0 
iflsubj  .ea  .  6>sum=0.0 

iflsubj  .eq.  l2)csum(mode,disp,2,ques)=sum 
iflsubj  .eq.  12 )cxbar lmode,disp,2,ques )=surr/6.0 
iflsubj  .eq.  lSjsum^a.fe! 

iflsubj  .eq.  18)csumlmode,disp,3,ques)=sum 
iflsubj  .eq.  18  )cxbar  Inoce ,  disp  ,3  ,ques  )  =sum/6 .0 
iflsubj  .eq.  lb)sum=0.0 

if(subj  .eq.  24 )  csumlmod  e ,  disp, 4  ,ques )  =sum 

ifisubj  .eq.  24)cxbar  (rrode,disF,4,ques)=surr/6.0 

cen  tinue 

continue 

continue 

continue 

do  4h  mode*l ,4 

do  46  diSF=l,5 

dc  47  ouessl,3 

csquare®^:  .'£ 

do  46  subj  =  l,5 

f ir s  t*array { mcde.disp.sutj.ques) 


101 


second=cx bar (mode , lisp, l, ques) 
csquare=csquare  +  (first  -  second )  **2  .0 
ccn  tinue 

cver(mode, disp, 1, ques) =csquare/5.0 
csquare=0 . 0 
dc  4s»  su  cj=7 ,12. 

f i rs t=a  rray ( mode ,1 isp , su  b j ,ques ) 
second=cxbar(mode,disp,2,ques) 
csquare=csauare  +  (first  -  second .0 
continue 

cvar (m  ode ,dis? ,2 ,ques )=csquare/5  .2 

csquare=2 .2 

do  £2  subj=13,lfa 

first® a rray (mode , disp, subj, ques) 

seccnd=cx  bar (mcde ,d isp  ,3  ,ques  ) 

csquare®csquare  +  (first  -  second  )**£.  .2 

continue 

cvar (mcde, d isp, 3 ,ques )=c square/5 .e 

csquare=2 .2 

do  51  su  bj  =ly  ,24 

f  irs  t® array  ( mode,  disp,  sub  j ,ques ) 

second=cxba  r ( mode ,disp,4,ques) 

csquare® csquare  +  (first  -  second )**2 . 2 

continue 

cvar(mode,disp,4,ques)=csquare/5.0 

continue 

continue 

continue 

Calculate  tbe  question  means  and  variances. 

dc  52  mcde=l  ,4 

do  53  di sp=l ,5 

do  54  ques=lf3 

sum=0.2 

do  £5  £roup=l,4 

sum  =  sum  +  csumlmoae, disp, group,  ques) 
continue 

qsum (mode ,disp, ques )=sum 
qxbar(moae,disp,ques)=sum/24.0 
csquare®^  .0 
do  56  su  b J =1 ,24 

f irs t=a rray ( moae ,d isp , sub j  »ques ) 
second=qx  bar ( mode, d isp .cues ) 
csquare=csquare  +  (first  -  second ) .0 
continue 

qvar  (mode, disp  .cues  )=csquare/23. e 

continue 

continue 

continue 

Calculate  tfce  display  means  and  variances, 
do  5?  moce®l  ,4 
ic  56  disp=l,5 


CL C  fa  ques=l  ,3 

sum=sum  +  qsum(mcd e ,d 1 sp , q ues ) 
continue 

dxbar(moae,disp  )= sum/ 72.0 
esc uare=e . 0 
no  62  suoj=i,24 
do  ei  ques=l,2 

first=array (mode ,disp ,suc j ,ques ) 
second=dxoar(rrode  ,aisp ) 
csquare=csquare  -  (first  -  second )**2  .2 
continue 
continue 

dvar(rroae,aisp;=csquare/7i  .0 

cent inue 

continue 

Caicuiate  the  treatment  mean  &  variance. 

do  6t  mcae=l  ,4 

sum  =  2.2 

do  56  disp=l,5 

do  67  SUE, ]=1, 24 

do  66  ques=l,2 

sum=surr  +  array ( mode ,aisp , su bj ,ques ) 

continue 

continue 

continue 

mxcar(mcae) =sum/360 .2 
csquare=0 .0 
do  6y  di sp=l , 5 
dc  70  suo.)=l,24 
do  71  ques=l ,2 

f irst= array (mode ,disp , subj ,ques) 
second=mxbar (mode) 

csquere*=csquare  +  (first  -  second)*^. 0 

continue 

continue 

continue 

mvar(mode)=csquare/3ty .0 
continue 

Caicuiate  the  treatment/questio :  mean  &  variance. 

do  72  mode=l ,4 

do  73  ques=l,2 

sum  =  0.0 

esquare  =  0.0 

do  74  di sp=l ,b 

sum  =  sum  +  qsum(rode,disp,ques) 
continue 

txtar(mcde,ques )  =  sum/120.0 
ao  76  disp*l,£ 
do  76  su  fcj-1 ,24 

f lrst® array' mcde.disp , sucj , ques ) 

seco nd=tx oar (mode ,ques ) 

csquare= esquare  *  (first  -  second  1**2. 2 


continue 

continue 

t  va  r{  ir,  one,  ques )=c  square/ 119.2 

continue 

continue 

Output  tne  data, 
do  63  disp=l,5 
ao  62  moae3!^ 
wri te(c  ,105  ) 
write(6, 125} 
write vc, 153} 

if (mode  .eq.  l)write(6,2)disp 
if'mcde  .eq.  2}write(6,3)disp 
iflmoae  .eq.  3  )wri te ,4 )di sp 
if(mode  .eq.  4 }write (6 ,6 )disp 
w  r  i  t  e  l  6  ,  7 )• 
ac  64  SU0<=1,24 

wri te( 6,8 ) suo j , (array) mode, disc, sub j , ques ) ,  ques=l ,3 ) 
if(suc.i  .eq.  24)gc  to  100 

if(subj  .eq.  lc)go  to  112 

iftsubj  .eq.  I2}gc  to  122 

if(subj  .eq.  6)gc  tc  130 

ft o  to  c4 

write(6,20)(cxoar(rcae,aisp,l,ques) ,  ques=l ,3 ) 
write(6,21) ( cvar (mode , di sp , 1 , ques ) ,  ques =1,3) 

*ro  to  64 

write(6,20)(cxcar(irode,disp,2,ques),  ques=l  ,3) 
write (6, 21) < cvar ( mode , aisp , 2 , ques ) ,  ques =1,3) 
go  to  64 

write (6, 20}  (  cxnar(rroae,disp,3  ,ques)  ,  que$=l  ,3) 
write(6,Zl) ( cvar (mode, disp, 3, ques) ,  ques =1,3) 
go  to  64 

write(6,20)(cxoar( mode, aisp, 4, ques) ,  ques=l  ,3 ) 
wri te( 6,21) ( cvar (mode,disp,4, ques ) ,  ques=l ,3) 
continue 

write(6,22}(qxt)ar(iroae,aisp,ques),  ques=l ,3 ) 

wri te( 6 , 23) ( qvar (mode , di sp , ques ) ,  ques=l,3) 

wri te ( 6, 24 ) ax  bar (mode, a i sp) 

wri te( 5, 25) aver (rede, aisp) 

continue 

continue 

do  77  dlsp=l,5 

write(6, 105) 

wri te(6 , 126 ) 

wri te( 6 , 32 ) 

write(6,33)disp 

wri te(6,34) 

do  76  rroae=l,4 

if (mode  .ea.  l  )wr it e( c ,35 ) 
ifimoae  .eq.  2)write(€,36) 
if (rode  .eq.  3 )write(6 ,37 ) 


if (mcae 


1 )  wr i t  e ( c , 35 ) 
2  )write (6 ,36) 
3}write(6,37) 
4)  wri te( 6,38) 


vri te { 6, 3y ) ( qxoar (mcae  ,d isp , ques ) ,  ques=l ,3 ) 
write (6,40)  (qvar(moae,aisp,ques)  ,  ques® 1,3) 

7b  continue 
77  continue 

write(S,105) 
wri tei c, 127) 
write(6,500) 
write(6,34) 
dc  yy  mcde=l,4 

ii(moae  .eq.  1  )wri te (6 ,35 ) 
if (mode  .eq.  2)write(6,36) 
ir(mcde  .eq.  3)writet6,37) 
if(mode  .eq.  4)write(6 ,36 ) 
write(6,39) ( txbar(moae,ques) ,  ques=l,3) 
write(6,40)(tvar(mcde,ques),  ques=l  ,3 ) 
yy  continue 

wri te( 6 , 125 ) 
wri te( 6 , 128 ) 
wri te ( c , 26 ) 
w  r  i  t  e  ( 6 , 27  ) 

do  y?  trcde=l,4 

iflmode  .eq.  1 ) wri te (e , 25 )mxoa r( mode ) ,rvar (mode) 
ii'(rrode  .eq.  2)writei6,2y)mxbar(rrode)  ,mvar(mode) 
ifimcde  .eq.  3  )wr  i  te  (6 , 30  )mx  bar  ( mode )  , invar  (mode) 
if(mode  .eq.  4 )wri t e (6 ,31 ) mxba r( mode )  ,mva r (mode ) 
y7  continue 

stop 

1  forma t (3( ffc  .2 )  ) 

105  format ( 'l ' ,// , lx  , 'APPENDIX  F',/) 

125  format  ( lx  ,  'TABLE  V',/) 

126  format (lx, 'TABLE  VI',/) 

127  format (lx, 'TABLE  VII',/) 

126  format  ax, 'TABLE  VIII',/) 

150  format (lx,  'MEAN  AND  VARIANCE  BY  GROUP,  CUESTION, 
DISPLAY,  AND  TREA 
*TMENT',/) 

2  formatUx,  'MONOCHROMATIC  NTES  DISPLAY  #  ',12) 

3  forma t( lx, 'COLOR  FIGURATIVE  (BLUE/ORANGE)  DISPLAY# ', i2 ) 

4  format(lx, 'COLOR  NTDS  DISPLAY  #  ',12) 

5  format (lx, 'COLOR  EIGURATIVE  (GREEN/RED)  DISPLAY  a', 12) 

7  format (lx, 'SUBJECT ' ,t24,  'TYPE',t38, 'ALLEGIANCE  ' , t56 , 
'BOTE',/) 

8  forma l(4x , i2, t22 ,f7.2 , t3c, f7 .2 , t54  ,f7  .2) 

20  format  a , lx, 'GROUP  MEAN  = ' , t22,f7 .2 , t38, f7 .2 ,t 54 ,f 7 . 2 ) 

21  format  (lx, 'GROUF  VaRIAN'CE=  't22 ,  f7 ,2t3fa  ,f7  .2 154,  f7 .2,  / ) 

22  format (lx,  'QUESTION  MEAN  =  ' t22 , f7 . 2t38 , f7 .2 154 , f7.2 ) 

23  format (lx,  'QUESTION  VAR  = ' , t22 , f7 . 2 , t38 , f 7 .2 , t54 , f7 . 2 ) 

24  fo  rma  t  ( lx  , 'DISPLAY  MEAN  =',t22,f7.2) 

25  format ( lx  ,  'DISPLAY  VARIANCE  =',t22,f7.2) 

26  format.///, lx, 'MEAN  AND  VARIANCE  BY  TREATMENT',//) 

27  forma t ( /, lx,  'TREATMENT  ', t40 ,  'MEAN  ', t£0 ,  'VAR IANCE  ',/ ) 

2b  format  ■•  /  /  ,  lx,  'MONOCHROMATIC  NTDS  ' ,  t38  ,f 7 .2 , t50 , f7 .2 ) 


29  format  v // ,  lx ,  'COLOR  FIG  (BLUE/ORANGE) 't36f7 .2t50f7. 2 ) 

30  format;//,  lx,  'COLOR  NTDS  '  t3e  ,  f 7 .  if ,  tf  0  ,  f7  .2 ) 

31  format;//, lx, 'COLOR  FIG  (G HEIN /RED] 't3£ ,f7 .2 ,t50 , f7.2 ) 

32  formatt//, lx, 'FEAN  AND  VARIANCE  BY  QUESTION  , 

DISPLAY,  AND  TREA 

*Tiv SM',/7  } 

33  format(/, lx, 'DISPLAY  #',i2) 

34  forma  t( // , lx , 'TREATMENT  '  t33  'TYPE '  143 'ALLEGIANCE  '  t56  'BOTH ' 
or  forma  t(//,  lx, 'F.CNCChRCFiATIC  NTDS') 

36  format;//, lx, 'COLOR  FIGURATIVE  ( ELUE/CRANGE )  ' ) 

37  format (//, lx, 'COLOR  NTDS '} 

3c  format!//, lx, 'COLOR  EIGURATIVE  (GREEN/RED)'; 

39  formatV/,  lx,  'MAN  =  ' ,  t3l ,  f 7  .2  ,  t43  ,  f7 . 2  ,  t  =  4  ,  f1 7 . 2  ) 

40  f  c  rma  t ilx , ' V  AR I  AN  C  S  = ' , 1 3 1 , f 7 . 2 , 1 43 , f  7 . 2 , 1 54 , f 7 . 2 , / ) 

500  format  (///, lx  ,  >EAN  AND  VARIANCE  BY 

QUESTION  AND  TREATMENT',//) 
end 
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